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Type 


Type Number 
Power supply for 
internal circuits (V) 


Power supply for 
LCD Drive Circuit (V) 


Power 

Dissipation (mW) 

Operating 

Temperature ( °C) 

Memory ROM (bit) 
RAM (bit) 

LCD Driver Common 
Column 


Instraction Set 


Operation 
Frequency (MHz) 


Duty 


Package 


Type 


Type Number 
Power supply for 
internal circuits (V) 
Power supply for 
LCD Drive Circuit (V) 


Power 

Dissipation (mW) 

Operating 

Temperature ( °C) 

Memory ROM (bit) 
RAM (bit) 

LCD Driver Common 
Column 

Instraction Set 

Operation 

Frequency (MHz) 

Duty 

Package 


Quick Reference Guide 


Column Driver 





HD44100H HD66100 HD61100A HD61200 HD61104 HDG61104A HD66106 HD66107T oF = Om BO) \\| 
5 5 5 5 5 5 5 5 

11 6 17 17 26 28 37 37 

5 5 5 5 5 5 5 5 

~20 to +75*! ~20 to +75*! -20 to +75*! -20to +75 -20to +75 -20to +75-20to +75 -20to +75 

20 - _ = — ~ 80 160 

40 (20) 80 80 80 80 80 80 160 

0.4 1 2.5 2.5 3:5 3.5 6 8 


Static-1/32 Static-1/16 Static-1/100 1/32-1/128 1/64-1/200 1/64-1/240 1/100-1/480 1/100-1/480 


FP-60 FP-100 FP-100 FP-100 FP-100 FP-100 FP-100 192pin TAB 


Column Driver (RAM) Segment Display 


HD44102CH HD61102 HD61202 HD61602 HD61603 HDG61604 HD61605 


5 5 5 3 to 5 3 to 5 3 to 5 3 to 5 
11 15.5 17 5 5 5 5 
5 5 5 0.5 0.5 0.5 0.5 


-20to+75 -20to +75 -20to +75 -20to +75*! ~20 to +75*! —20 to +75*! -20 to +75*! 


200 x8 512x8 512x8 204 64 204 64 

a 2 = 4 1 4 1 

50 64 64 51 64 51 64 

6 7 7 4 4 4 4 

0.28 0.4 0.4 0.52 0.52 0.52 0.52 

1/8,1/12,  Static-1/64 1/48,1/64, Static,1/2, Static Static,1/2, Static 

1/16,1/24, 1/96,1/128 1/3,1/4 1/3,1/4 

1/32 

FP-80 FP-100 FP-100 FP-80, FP-80 FP-80 FP-80 
FP-80A 


* 1-40 to +85°C (Special request). Please contact Hitachi agents. 
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Quick Reference Guide 


Type Common Driver 
Type Number HD44103CH HD44105H HD61103A HD61203 HD61105 
Power supply for 5 5 5 5 5 
internal circuits (V) 
Power supply for 11 11 17 17 26 
LCD Drive Circuit (V) 
Power 4.4 4.4 5 5 5 
Dissipation (mW) 
Operating -20to +75 -20to+75 -20to +75 -20to+75 -20to +75 
Temperature ( °C) 
Memory ROM (bit) — = 7 = ~ 
RAM (bit) — _ - a es 
LCD Driver Common 20 32 64 64 80 
Column = = ae = _ 
Instraction Set = a = oe - 
Operation 1 1 2.5 2.5 0.1 
Frequency (MHz) 
Duty 1/8,1/12, 1/8,1/12, Static-1/10, 1/32-1/128 1/64-1/200 
1/16,1/24,1/32,1/48 1/64 . 
1/32 
Package FP-60 FP-60 FP-100 FP-100 FP-100 
Type Character Display Graphic Display 
HD63645 
HD64645 
HD44780 HD66780 HD64646 HD66840 
Type Number HD61105A HD43160AH (LCD-Iti) (LCD-IIA) HD61830 HD61830B LCTC LVIC 
Power supply for 5 5 5 5 5 5 5 5 
internal circuits (V) 
Power supply for 28 = 11 5 - - - - 
LCD Drive Circuit (V) 
Power 5 10 2 2 30 50 50 250 
Dissipation (mW) 
Operating -20to +75 -20to+75 -20t0 +75*1-20to+75 -20to +75 -20t0 +75*! -20to +75 -20 to +75 
Temperature ( °C) 
Memory ROM (bit) —_ 6420 7200 12000 7360 7360 - - 
RAM (bit) —- 80x8 80x8, 16 - _ - - 
64x8 
LCD Driver Common 80 = 16 16 = 2 = = 
Column = = 40 40 = = = = 
Instraction Set - 6 11 11 12 12 - - 
Operation 0.1 0.25/0.375 0.25 0.25 1.1 2.4 10 25(30) 
Frequency (MHz) 
Duty 1/64-1/240 1/8,1/12, 1/8,1/11, 1/8,1/11, Static Static Static 4-1/1024 
1/16 1/16 1/16 -1/128 -1/128 -1/512 
Package FP-100 FP-54 FP-80, FP-80A FP-60 FP-60 FP-80, FP-100A 
FP-80A FP-80B FP-80B 


* 1-40 to +85°C (Special request). Please contact Hitachi agents. 
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Type 
HD43160AH 
HD44100H 
HD44102CH 
HD44103CH 
HD44105H 
HD44780 LCD-II 
HD61100A 
HD61102 
HD61103A 
HD61104 
HD61104A 
HD61105 
HD61105A 
HD61200 
HD61202 
HD61203 
HD61602 
HD61603 
HD61604 
HD61605 
HD61830 LCTC 
HD61830B LCTC 
HD63645 LCTC 
HD64645 LCTC 
HD64646 LCTC 
HD66100 
HD66 1 O6F 
HD66107T 
HD66780 LCD-IIA 
HD66840F LVIC 


Selection Guide 


Type Number Order 


Function 

LCD Controller 

LCD Driver with 40 Channel Output 

LCD Column Driver with 50 Channel Output 
LCD Common Driver with 20 Channel Output 
LCD Common Driver with 32 Channel Output 
LCD Controller/Driver 

LCD Column Driver with 80 Channel Output 
LCD Column Driver with 64 Channel Output 
LCD Common Driver with 64 Channel Output 
LCD Column Driver with 80 Channel Output 
LCD Column Driver with 80 Channel Output 
LCD Common Driver with 80 Channel Output 
LCD Common Driver with 80 Channel Output 
LCD Column Driver with 80 Channel Output 
LCD Column Driver with 64 Channel Output 
LCD Common Driver with 64 Channel Output 
Segment Display Type LCD Driver 

Segment Display Type LCD Driver 

Segment Display Type LCD Driver 

Segment Display Type LCD Driver 

LCD Timing Controller 

LCD Timing Controller 

LCD Timing Controller 

LCD Timing Controller 

LCD Timing Controller 





LCD Driver with 80 Channel Output 


LCD Column/Common Driver with 80 Channel Output 
LCD Column/Common Driver with 160 Channel Output 


LCD Controller/Driver 
LCD Video Interface Controller 
Driver Output 


HD61603 
HD61605 










Reference Page 
83 
61 . 
205 
230 
239 
98 
248 
261 
291 
388 
388 
433 
433 
316 
330 
361 
601 
601 
632 
632 
450 
477 
503 
503 
542 
71 
398 
413 
156 
552 





HD61202 


HD61102 rose Al 







HD616047- 60 
HD61602 HD44102H (Built in RAM) 
HD44780 rH 
(LCD- 1). 
40 
HD66780 
(LCD- II A) 
20 
Static 
1/480 1/200 1/128 1/64 1/32 1/16 1/8 1/8 1/16 1/32 1/64 1/128 1/200 1/480 
Duty 1/240 1/100 1/100 Duty 1/240 
HD44103CH 20 
HD44105CH 32 
+40 HD44100H 
,HD61103A 60 
en aY=< yo wn 
HD61203 Pore HD81200 
HD61105 anche aa 
HD61 105A FJ oo 
(—$<$ | HD61104 -———______--__| 
HbD66106 HD61104A 4 
HD66106F 
1 -—_— 1 
Driver Output 
@ HITACHI 


Hitachi America Ltd. Hitachi Plaza ¢ 2000 Sierra Point Pkwy. « Brisbane, CA 94005-1819 © (415) 589-8300 


SECTION 


1 








Selection Guide 





Hitachi LCD Driver System 














Reference Screen 
Type Figure Size (max) 
Video to 720X512 dots 
LCD 
converter 
Display = 640 x 400 dots 
System ze _| _ 061105 acy 
for CRT g 8 (Common Driver) system) 
Compatible ae 
HD61104 
(Column driver) 
Graphic Character 
Display nets 80x 1 6 
System (Common Y rove Graphic 
~ 480 x 128 dots 
Re] 
HD61200 
(Column driver) 
Graphic 480 x 128 dots 
Display a 
System 3) 
(Bitmap) - 
HD61202 
(Column Driver) 
Character 40 Charac- 
CPU HD44780 (Controller) TOKYO 
System ° 4 x2 Columns 
80 Charac- 
HD66100F 
HD44100H ters 
(Columm Driver)} X 1 Column 
Segment 25 Digits 
Display HD61602/HD61604 x1 Column 
System (Controller/Driver) 
Static 64 Segments 
Display 
System 
HD61605 HD61603 
(Controller/Driver) CHECK 
OIL 
CHANGE 
4 @ HITACHI 


Lineup 

HD66840, 
HD66106(Driver) 
HD66107/ (Driver), 
HD61104(Column) 
HD61105(Common) 


HD63645/64645/ 
64646(Controller) 
HD61104(Column)/ 
61105(Common) 
HD66106(Driver) 


HD61100A(Column), 
HD61830B (Controller) 
HD61200(Column) 
HD61103A(Common), 
HD61203(Common) 


HD44102CH(Column)/ 
61102(Column) 
HD44103CH(Common) 
HD61202(Column) 
HD44105H(Common)/ 
61103A(Common) 
HD61203(Common) 


HD44780(LCD- 1! ) 
(Controller/Driver) 
HD66780(LCD- 1! A) 
(Controller/Driver) 
HD44100H(Column) 
HD661 0O0F(Column) 


HD61602 
(Controller/Driver) 
HD61604 
(Controller/Driver) 


HD61603 
(Controller/Driver) 
HD61605 
(Controller/Driver) 


Application 
Personal Com- 


puter, Terminal, 
OHP 


Personal Com- 
puter, Word- 
processor, Ter- 
minal 


Laptop Computer, 
Facsimile, Telex, 
Copy machine 


Laptop Computer, 
Handy Word- 
processor, Toy 


Electrical Type- 
writer, Multifunc- 
tion Telephone, 
Handy Terminal 


ECR, Measure- 
ment System, 
Telephone 


Industrial Mea- 
surement System 
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Selection Guide 


Application 
Character and Graphic Display 


1 character=7 X 8dot (15x 7 dot +cursor) 


3 
4 










HD44100H 





6 to 8 


12 to 15 
16 to 25 
26 to 50 


Graphic Display 


HD61202 (Column) + HD61203 (Common) 


HD61200 (Column) + HD61203 (Common) 










HD61104 (Column) + HD61105 (Common) 






HD66106, HD66107 






HD61104 (Column) + HD61105 (Common) 






mee 


HD66106, HD66107 






Over 400 


Note: Applications in this page are mere example, and this combination of devices is not the best. 


HITACHI 
Hitachi America Ltd. © Hitachi Plaza ¢ 2000 Sierra Point Pkwy. © Brisbane, CA 94005-1819 © (415) 589-8300 


SECTION 


1 





Differences Between Products 


1. HD66100F and HD44100H 





HD66100F HD44100H 
LCD drive circuits 80 20x2 
Power supply for internal logic (V) 3 to 6 4.5 to 11 
Display duty Static to 1/16 Static to 1/32 
Package 100 pin plastic OFP 60 pin plastic OQFP 


2. HD61100A and HD61200 


HD61100A HD61200 
LCD drive circuits common = = 
column 80 80 - 
Display duty static to 1/128 1/32 to 1/128 
Power supply for LCD drive circuits (V) Oto 17 8 to 17 
Power supply limits of LCD driver Vec to Vee shown in figures below 
circuit voltage (no limit) 


Resistance between terminal Y and terminal 
V (one of ViL, V1R, V2L, V2R, V3L, V3R, V4L, 
and V4R) when load current flows through 
one of the terminals Y: to Ygo. This value is 


V1L,V1R —————_——_O 
V3L,V3R —————_—_O 


V4L,V4R ————_-—_—_-0 


V2L,V2R 


Here is a description of the range of power 
supply voltage for linquid crystal display 
drive. Apply positive voltage to Vi1L=V1R and 
V3L=V3R and negative voltage to V2L=V2R 


Vec 
V1 (V1L=V1R) 
——- V3 (V3L=V3R) 


a pa Ne ee ame 







AV 


specified under the following condition. 
Vec— Veze=17V 

V1L=V1R, V3L=V3R=Vec— 2/7 (Vcc — VEE) 
V2L=V2R, V4L=V4R=VeeE+2/7 (Vec— Vee) 


Ron 


Terminal Y 
(Y; to Ygo) 


and V4L=V4R within the AV range. This 
range allows stable impedance on driver 
output (Ron). Notice the AV depends on 
power supply voltage Vcc— Vrs. 


The Range of Power Supply 
Voltage for Liquid Crystal 
Display Drive 





S 
a 
AV ——— V4 (V4L=V4R) 
Seabees eal V2 (V2L=V2R) 
EE 
Correlation between Driver 
Output Waveform and Power 
supply Voltages for Liquid 8 
Crystal Display Drive Vec—Vee (V) 
Correlation between Power 
Supply Voltage Vcc—Veg and AV 
© HITACHI 
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Differences Between Products 


3. HD66100F and HD61100A 








HD66100F HD61100A 
LCD driver circuits common - me SECTION 
column 80 80 
Power supply for LCD drive circuits (V) 3 to 6 5.5 to 17.0 1 
Display duty static to 1/16 static to 1/128 
Operating frequency (MHz) 1.0 MHz (max) 2.5 MHz (max) 
Data fetch method Shift Latch 
Package 100 pin Plastic 100 pin plastic QFP 
QFP (FP-100) (FP-100) 
4. HD61830 and HD61830B 
HD61830 HD61830B 
Oscillator Internal External 
Operating frequency (MHz) 1.1 MHz 2.4 MHz 
Display duty static to 1/128 static to 1/128 
Programmable screen size (Max) 64 x 240 dots 128x480 dots 
(1/64 duty) (1/64 duty) 
Other pin 6:C pin 6:CE 
pin 7:R pin 7:0E 
pin 9:CPO pin 9:NC 
Package Marking @ 
Lot No. Lot No. 





€) 361 


HD61830A00 


361 


HD61830BO00 









5. HD61102 and HD61202 


HD61102 HD61202 
Display duty static to 1/64 1/32 to 1/64 
Recommended voltage between 4.5 to 15.5 8 to 17 
Vcc and Veg (V) 
Power supply limits of LCD driver Vec to Vee (no limit) shown following figure 
circuits voltage 
Pin 88 DY (output) NC (non connection) 
Absolute maximum rating of Vee (V) Vec-17.0 to . Mece- 19.0 to 
Vec+0.3 Vec+0.3 


Resistance between terminal Y and terminal V (one of V1L, V1R, V2L, V2R, V3L, V3R, V4L and V4R) 
when load current flows through one of the terminals Y: to Yea. This value is specified under the 
following condition. 


@ HITACHI : 
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Differences Between Products 





Veco — VeE=15.5V 
V1L=Vi1R, V3L=V3R=Vec— 2/7 (Vcc— VEE) 
V2L=V2R, V4L=V4R=Veet+2/7 (Vcec— Ver) 


WiLViR See 
V3L,V3R —————_O 
V4L,V4R ———_____-9 


V2L,V2R 


Here is a description of the range of power 
supply voltage for liquid crystal display drive. 
Apply positive voltage to ViIL=V1R and V3L 
=V3R and negative voltage to V2L=V2R and 


V 





cc 
= V1 (V1L=V1R) 
AV ——- V3 (V3L=V3R) 
AVI — po-----— V4 (V4L=V4R) 
et OE RR Tes V2 (V2L=V2R) 

Vee 


Correlation between Driver 
Output Waveform and Power 
supply Voltages for Liquid 
Crystal Display Drive 


6. HD61103A and HD61203 


AV (V) 


Ron 


Terminal Y 
(Y; to Yea) 


V4L=V4R within the AV range. 
This range allows stable impedance on driver 
output (Ron). Notice that AV depends on 
power supply voltage Vcc —VE«. 


The Range of Power Supply 
Voltage for Liquid Crystal 
Display Drive 





17.0 


8 
Vcc — Vee (V) 
Correlation between Power 
Supply Voltage Vec— Veg and AV 


HD61103A HD61203 
Recommended voltage between 4.5 to 17 8 to 17 
Vec and Ver (V) 
Power supply limits of LCD drive Vcc to Vee (no limit) shown in figures below 
Circuits voltage 
Output terminal shown in following figure 4 shown in following figure 5 


Resistance between terminal Y and terminal 
V (one of ViL, V1R, V2L, V2R, V5L, V5R, V6L 
and V6R) when load current flows through 
one of the terminals X1 to X64. This value is 
specified under the following conditions: 


Voc — Vez =17V 
V1L=V1R, V6L=V6R=Vec—1/7 (Vcc — Vez) 
V2L=V2R, V5L=V5R=Veet+1/7 (Vcc — Vee) 


Ron 
ViIL,.V1R ———————_O 
V6L,V6R —————_—_O 
Terminal Y 
V5L,V5R ————_———__O (Y; to Yea) 
V2L,V2R - 
Figure 1. 
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Differences Between Products 


Here is a description of the range of power V5L=V5R within the AV range. 
supply voltage for liquid crystal display drive. This range allows stable impedance on driver 
Apply postive voltage to V1L=V1R and V6L= output (Ron). Notice that AV depends on 


) 04 wT@)\\ 


V6R and negative voltage to V2L=V2R and power supply voltage Vcc— Vsz. 


The Range of Power Supply 
Voltage for Liquid Crystal 


Display Drive 





Vec 
V1 (V1L, =V1R) 








——- V6 (V6L=VE6R) 
= 
> 
q 
V5 (V5L=V5R) 
V2 (V2L=V2R) 
Correlation between Driver Vee 
Output Waveform and Power 8 17 
Supply Voltages for Liquid Vec— Ver (V) 
Crystal Display Drive Correlation between Power 
Supply Voltage Vcc —Veg and AV 
Figure 2. Figure 3. 
aoe BE 
VIL 
V1R 
rer 
VIL,V1R 
pee ew 
V6L 
V6R V6L,V6R 
pas RES 
re V5L,V5R 
V5L 
V5R 
== V2L,V2R 
—— Figure 5. 
V2L 
V2R 
Figure 4. 
7. HD66106F and HD61104 
HD66106F HD61104 
LCD drive circuits voltage +14 to +35 (Vicp-GND) -10 to -26 (Vcec-Vee) 
Display Duty 1/100 to 1/400 1/64 to 1/200 
Operating frequency (MHz) 6.0 MHz 3.5 MHz 
Function _ column and common driver column driver 
© HITACHI 9 
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Differences Between Products 


8. HD44780 LCD-II and HD66780 LCD-II A 


item 

Display RAM 
(Maximum number of 
display characters) 


* Character generator ROM 
(kinds of characters) 


Character generator RAM 
(Number of characters) 


LCD driving terminals 
(Maximum number of 
display characters/ 
unit) 

Character font 

(with a cursor) 
Multiplexing duty ratio 
*LCD driving voltage 1/4 bias 
1/5 bias 
*LCD driving waveform 


* Bus timing 
instruction codes 
Power-on reset circuit 


Oscillator 
(Frequency) 


Interface 
Package 


LCD-|i (HD44780) 
80 bytes (80 characters) 


7200 bits 

192 characters 

5 x 7;160 characters 
5 xX 10;32 characters 


64 bytes (8 characters) 


16 COMs 
40 SEGs 
(16 characters) 


5x8 dots 
5x11 dots 


1/8, 1/11, 1/16 
3.0 to 11 (V) 
4.6 to 11 (V) 


waveform A 


1, 1.5MHz 
11 instructions 
Yes 


Ceramic filter, Rf, 
external clock 
(250 kHz) 


HD44100H 
FP-80, FP-80A 


Note: *Indicates the modified items in LCD- IIA. 


common! | rut] rur'| 
| 
| 
{ 

semen TITTLE LL 


| 
| 
| 
| 
Common-segment 
| 
i 
| 
| 
| 
| 
i 


Common 


LCD- 111A (HD66780) 
Same as LCD- |! 


12000 bits 
240 characters 
5 x 10;240 Characters 


Same as LCD- |! 


Same as LCD- |I 


Same as LCD- Il 


Same as LCD- |! 
3.0 to Vcc (V) 
3.0 to Vcc (V) 
waveform B 


2MHz 

Same as LCD- Il 
Same as LCD- Il 
Same as LCD- II 


HD44100H or HD66100F 
Same as LCD- II 


Segment 


Common-segment 


Waveform A (1/3 Duty, 1/3 Bias) 
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I I 
! 
| 
1 frame 1 frame 


Note 


Vec to V5 


Shown follow- 
ing figures 


Waveform B_ (1/3 Duty, 1/3 Bias) 
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9. HD61104 and HD61104A 


LCD Drive Circuits 


Data Transfer Rate (MHz) 
Power Supply for LCD drive circuits (V) 


10. HD61105 and HD61105A 


LCD Drive Circuits 


Power Supply for LCD drive circuits (V) 


11. HD66106F and HD66107T 


LCD drive circuits 
Data transfer 


Operating frequency (MHz) 


Power supply for LCD drive circuits 


Packge 


Differences Between Products 


HD61104 
80 

Sie 

10 to 26 


HD61105 
80 
10 to 26 


HD66106F 
80 

4-bits 

6 

14 to 37 
100-Pin plastic 
QFP (FP-100A) 


12. HD63645, HD64645 and HD64646 


CPU interface 
Package 


Other 


HD63645 
68 family 


80-pin plastic 
QFP (FP-80) 


HD64645 
80 family 


80-pin Plastic 
QFP (FP-80) 
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HD61104A 
80 

3.5 

10 to 28 


HD61105A 
80 
10 to 28 


HD66107T 
160 
4-bits/8-bits 
8 

14 to 37 
192-pin TAB 


HD64646 
80 family 


80-pin plastic 
QFP (FP-80A) 


HD64646 has another LCD 
drive interface in HD64645 
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Package Information 


Package Information 


The Hitachi LCD driver devices use plastic 
flat packages to make compact equipment in 


Package Dimension 


FP-80 
256 +0 4( 1.0080.016) 2.9max. 


(0.1 14max ) 


14(0 551) 
(0.772+0.016) 


iO] 0.15(0.006) 


0.350.) 


0.8(0.031) (001420 004) 9190.08 


(9 00640002) 


1 7x0 3(0 067 +£0.012) 


HD61602, HD61603, HD61604, 
HD61605, HD44780, HD66780, 
HD63645, HD64645, HD64646, 
HD644102CH 


25.6£0.4 


(1.008+0.016) 2.9max 


(0.11 4max.) 


{ 


0.15 £0.05 
(0.006 +0.002) 


14.0(0.551) 
(0.77240 .016) 


1.0(0.039) 


NUE 
.039)| | 0350.1 | 
(0.014£0.004) 1) S20150.006) @ 


1.70.3 
(0,067 0.012) 


Code 
Cems | —— 
[uepec [_—— 


Applicable LSI HD43160AH 
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which they are incorporated and provide 
higher dencity mounting by utilizing the fea- 
tures of thin liquid crystal display elements. 


17.2 +0.3(0.677 0.012) 
14.0(0.551) j 2.90(0. 114) max 


0.1 (0.004) 
(STAND OFF) 


| {0.65(0.026 


17.2 +0.3(0.677 + 0.012) 
14.0(0.551) 


ALVIS TAU UTAH TE A 


vm 20 
0.30-0.D5_|£970.13(0.005)6) ] 
(0.012+0.002) 0.13(0.005)@) 


1.60(0.063) 
UUedgavaveradataqatavanavadalatataladaly o~-5 


SCHTTCRTo) O A 


0.031) (0.031) 


0.15+0.05 
(0.006 + 0.002) 


Code FP-80A 


EIAJ 


HD66780, 
HD44780, 
HD61602 


25.6£0.4 
(1.008+0.016) 
2.9max. 
(0.1 14max.) 


(0.772 +0.016) 


a oc, 
\o® “) 


1.0(0.039 
( ) ooe® 


0.35+0.1 
(0.014 +0.004) 


(0.15 (0.006) @ 


° 
= 
U 

i) 


Code 
reas | —— | 
Tepes | ——_| 

HD44100H, HD44103CH, 
HD44105H, HD61830, 
HD61830B 


Applicable LSI 
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Package Information 





24.8 + 0.4(0.976 + 0.016) 2.9max. 
(0.1 14max.) 


— 
wo 

2 

a} 

+H 

° 
z 

ae 

=} 
-— 
< 

o 
+H 
ad 
0 


0 35+0.! ‘ | 
féJ0.15(0.006) ] — 5 
9.15 +00 


0.8(0.031) (0.014 +0.004) 


FUMIO N.. Z 4 

see — Code | FP-80B 
2 

copar 0.008) [CT 0. 15 (0. 006 EIAJ 


Jepec| —— | 


HD64646, HD66780 
Applicable LSI 


FP-100 25.6 +04 
(1 008 + 0.016) 2 Oiiax 
20( 0.787) (0.11 4max.) 









0.016) 





+ 






(0.772 


9.15 £0.05 


ee a eee | BIAS | = —— 
a seve] ~—— 
me HD61100A, HD61102, HD61103A, HD61104 
Applicable LS! HD61105, HD61200, HD61202, HD61203 
HD66100 


FP-100A 


24.8 +0.4(0.976 +0.016) 


20(0.787) 
i 


2.9max. 
(0.1 14max.) 














pene OO 
—+2 









[Sal 
oO 


14(0.551) 
18.8+0.4(0.74 +0.016) 







MA 
OC 





Ww 


CL so aa 
| 0.35+0.1 = 
0.65(0.026) A eo en 
Lt 
1.2+0.2 
ca) | —— 
ye0eC| —— 
HD66106, HD66840 
Applicable LSI 
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Reliability and Quality Assurance 


1. VIEWS ON QUALITY AND RELIABILITY 


Basic views on quality in Hitachi are to meet individual user's purchase 
purpose and quality required, and to be at the satisfied quality level con- 
sidering general marketability. Quality required by users is specifically 
clear if the contract specification is provided. If not, quality required is 
not always definite. In both cases, efforts are made to assure the reliabi- 
lity so that semiconductor devices delivered can perform their ability in 
actual operating circumstances. To realize such quality in manufacturing 
process, the key points should be to establish quality control system in the 


process and to enhance moral for quality. 


In addition, quality required by users on semiconductor devices is going 
toward higher level as performance of electronic system in the market is 
going toward higher one and is expanding size and application fields. To 


cover the situation, actual bases Hitachi is performing is as follows; 
(1) Build the reliability in design at the stage of new product development. 
(2) Build the quality at the sources of manufacturing process. 


(3) Execute the harder inspection and reliability confirmation of final 


products. 
(4) Make quality level higher with field data feed back. 
(5) Cooperate with research laboratories for higher quality and reliability. 


With the views and methods mentioned above, utmost efforts are made for users' 


requirements. 


2. RELIABILITY DESIGN OF SEMICONDUCTOR DEVICES 


2.1 Reliability Targets 


Reliability target is the important factor in manufacture and sales as well 
as performance and price. It is not practical to rate reliability target 
with failure rate at the certain common test condition. The reliability 
target is determined corresponding to character of equipments taking design, 
manufacture, inner process quality control, screening and test method, etc. 


into consideration, and considering operating circumstances of equipments the 
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semiconductor device used in, reliability target of system, derating applied 


in design, operating condition, maintenance, etc. 


SECTION 


2.2 Reliability Design 


To achieve the reliability required based on reliability targets, timely study 1 


and execution of design standardization, device design (including process 





design, structure design), design review, reliability test are essential. 


(1) Design Standardization 


Establishment of design rule, and standardization of parts, material and 
process are necessary. As for design rule, critical items on quality 
and reliability are always studied at circuit design, device design, 
layout design, etc. Therefore, as long as standardized process, mate- 
rial, etc. are used, reliability risk is extremely small even in new 
development devices, only except for in the case special requirements 


in function needed. 


(2) Device Design 


It is important for device design to consider total balance of process 
design, structure design, circuit and layout design. Especially in the 
case new process and new material are employed, technical study is deeply 
executed prior to device development. 


(3) Reliability Evaluation by Test Site 
Test site is sometimes called Test Pattern. It is useful method for 
design and process reliability evaluation of IC and LSI which have com- 
plicated functions. 

1. Purposes of Test Site are as follows; 
¢ Making clear about fundamental failure mode 


* Analysis of relation between failure mode and manufacturing process 


condition 
¢ Search for failure mechanism analysis 


¢ Establishment of QC point in manufacturing 


2. Effectiveness of evaluation by Test Site are as follows; 


¢ Common fundamental failure mode and failure mechanism in devices can 


be evaluated. 
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* Factors dominating failure mode can be picked up, and comparison can be 


made with process having been experienced in field. 


* Able to analyze relation between failure causes and manufacturing 


factors. 
* Easy to run tests. 


etc. 


2.3 Design Review 


Design review is organized method to confirm that design satisfies the per- 
formance required including users" and design work follows the specified ways, 
and whether or not technical improved items accumulated in test data of in- 
dividual major fields and field data are effectively built in. In addition, 
from the standpoint of enhancement of competitive power of products, the 
major purpose of design review is to ensure quality and reliability of the 
products. In Hitachi, design review is performed from the planning stage for 
new products and even for design changed products. Items discussed and de- 


termined at design review are as follows; 
(1) Description of the products based on specified design documents. 


(2) From the standpoint of specialty of individual participants, design 
documents are studied, and if unclear matter is found, sub-program of 


calculation, experiments, investigation, etc. will be carried out. 


(3) Determine contents of reliability and methods, etc. based on design 


document and drawing. 
(4) Check process ability of manufacturing line to achieve design goal. 
(5) Discussion about preparation for production. 


(6) Planning and execution of sub-programs for design change proposed by 
individual specialist, and for tests, experiments and calculation to 


confirm the design change. 


(7) Reference of past failure experiences with similar devices, confirmation 
of method to prevent them, and planning and execution of test program 
for confirmation of them. These studies and decisions are made using 


check lists made individually depending on the objects. 
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3. QUALITY ASSURANCE SYSTEM OF SEMICONDUCTOR DEVICES 


3.1 Activity of Quality Assurance J ou me) 
General views of overall quality assurance in Hitachi are as follows; 


(1) Problems in individual process should be solved in the process. There- 1 


fore, at final product stage, the potential failure factors have been 





already removed. 


(2) Feedback of information should be made to ensure satisfied level of 


process ability. 


(3) To assure reliability required as an result of the things mentioned 


above is the purpose of quality assurance. 


The followings are regarding device design, quality approval at mass produc- 


tion, inner process quality control, product inspection and reliability tests. 


3.2 Quality Approval 


To ensure quality and reliability required, quality approval is carried out 
at trial production stage of device design and mass production stage based on 


reliability design described at section 2. 
The views on quality approval are as follows; 


(1) The third party performs approval objectively from the standpoint of 


customers. 
(2) Fully consider past failure experiences and information from field. 
(3) Approval is needed for design change and work change. 
(4) Intensive approval is executed on parts material and process. 


(5) Study process ability and fluctuation factor, and set up control points 


at mass production stage. 


Considering the views mentioned above, quality approval shown in Fig. 1 is 


performed. 


3.3 Quality and Reliability Control at Mass Production 


For quality assurance of products in mass production, quality control is 
executed with organic division of functions in manufacturing department, 
quality assurance department, which are major, and other departments related. 
The total function flow is shown in Fig. 2. The main points are described 


below. 
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3.3.1 Quality Control of Parts and Material 


As the performance and the reliability of semiconductor devices are getting 
higher, importance is increasing in quality control of material and parts, 
which are crystal, lead frame, fine wire for wire bonding, package, to build 


products, and materials needed in manufacturing process, which are mask pat- 





tern and chemicals. 


Besides quality approval on parts and materials stated 


in section 3.2, the incoming inspection is, also, key in quality control of 


parts and materials. 


The incoming inspection is performed based on incoming 


inspection specification following purchase specification and drawing, and 


sampling inspection is executed based on MIL-STD-105D mainly. 


The other activities of quality assurance are as follows: 


Step 


Target 
Specification 


Design 


Trial 
Production 





Characteristics Approval } 








| Quality Approval (2) | 


Mass Production 


Fig. 1 Flow Chart of Quality Approval 
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Materials, Parts| 
Approval 


Contents 


Design Review 


Characteristics of Materia 
and Parts 

Appearance 

Dimension 


Heat Resistance 
Mechanical 
Electrical 
Others 








Electrical Characteristics 
Function 
Voltage 
Current 
Temperature 
Others 
Appearance, Dimension 


Reliability Test 
Life Test 
Thermal Stress 
Moisture Resistance 
Mechanical Stress 
Others 










Reliability Test 
Process Check same as 
Quality Approval (1) 
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Purpose 









Confirmation of 
Characteristics and 

Reliability of Materials 
and Parts 






Confirmation of Target 
Spec. Mainly about 
Electrical Characteristics 


Confirmation of Quality 
and Reliability in Design 


Confirmation of Quality 
and Reliability in Mass 
Production 
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(1) Outside Vendor Technical Information Meeting 


(2) Approval on outside vendors, and guidance of outside vendors 


SECTION 


(3) Physical chemical analysis and test 


The typical check points of parts and materials are shown in Table l. 1 





3.3.2 Inner Process Quality Control 


Inner process quality control is performing very important function in quality 
assurance of semiconductor devices. The following is description about con- 
trol of semi-final products, final products, manufacturing facilities, measur- 
ing equipments, circumstances and sub-materials. The quality control in the 
manufacturing process is shown in Fig. 3 corresponding to the manufacturing 


process. 


(1) Quality Control of Semi-final Products and Final Products 


Potential failure factors of semiconductor devices should be removed 
preventively in manufacturing process. To achieve it, check points are 
set-up in each process, and products which have potential failure factor 
are not transfer to the next process. Especially, for high reliability 
semiconductor devices, manufacturing line is rigidly selected, and the 
quality control in the manufacturing process is tightly executed - 
rigid check in each process and each lot, 100% inspection in appropriate 
ways to remove failure factor caused by manufacturing fluctuation, and 
execution of screening needed, such as high temperature aging and tem- 
perature cycling. Contents of inner process quality control are as 


follows; 


* Condition control on individual equipments and workers, and sampling 


check of semifinal products. 
¢ Proposal and carrying-out improvement of work 
¢ Education of workers 
* Maintenance and improvement of yield 
¢ Picking-up of quality problems, and execution of counter-measures 


* Transmission of information about quality 


(2) Quality Control of Manufacturing Facilities and Measuring Equipment 


Equipments for manufacturing semiconductor devices have been developing 


extraordinarily with necessary high performance devices and improvement 
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rocco 


Material, 


arts nspectioén Inspection on Material and+—--—--+ Lot Sampling, 
of Material __.| Parts for Semiconductor Confirmation of 
and Parts Devices Quality Level 


Products 


of production, and are important factors to determine quality and re- 
liability. In Hitachi, automatization of manufacturing equipments are 
promoted to improve manufacturing fluctuation, and controls are made to 
maintain proper operation of high performance equipments and perform the 
proper function. As for maintenance inspection for quality control, 
there are daily inspection which is performed daily based on specifica- 
tion related, and periodical inspection which is performed periodically. 
At the inspection, inspection points listed in the specification are 


checked one by one not to make any omission. As for adjustment and 


Process Quality Control Method 


Material, Parts 























Manufacturing Equipment, 
Environment, Sub-material, 
Worker Control 


Confirmation of 
Quality Level 


100% Inspection al 
1 


Lae a dea, Be ed 





Lot Sampling, 
Confirmation of 
Quality Level 


Inner Process Quality 
Control 





ioe Gerona es Rais 









100% Inspection on 
Appearance and Electrical 
Characteristics 


Testing, 
Insepction 









Sampling Inspeciton on 
Appearance and Electrical Lot Sampling 
Characteristics 






Products 
Inspection 









Confirmation of 
Quality Level, 
Lot Sampling 


Sas eee ses Reliability Test 





Receiving 
Feedback of 
—_ oe << eee ae GP aes eee ee eee oom ae oe ame cow ome “| e 
' Quali ty Information 1 Tptenmarton 
; Claim 
; Field Experience \ 
| Information \ 
Ueeteiee eta ee a at a pa 


Fig. 2 Flow Chart of Quality Control in Manufacturing Process 
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maintenance of measuring equipments, maintenance number, specification 


are checked one by one to maintain and improve quality. 


SECTION 


(3) Quality Control of Manufacturing Circumstances and Submaterials 


Quality and reliability of semiconductor device is highly affected by 


I 


manufacturing process. Therefore, the controls of manufacturing circum- 





stances - temperature, humidity, dust - and the control of submaterials 
- gas, pure water - used in manufacturing process are intensively 


executed. Dust control is described in more detail below. 


Dust control is essential to realize higher integration and higher re- 
liability of devices. In Hitachi, maintenance and improvement of clean- 
ness in manufacturing site are executed with paying intensive attention 
on buildings, facilities, airconditioning systems, materials delivered- 
in, clothes, work, etc., and periodical inspection on floating dust in 


room, falling dusts and dirtiness of floor. 


3.3.3 Final Product Inspection and Reliability Assurance 
(1) Final Product Inspection 


Lot inspection is done by quality assurance department for products which 
were judged as good products in 100% test, which is final process in 
manufacturing department. Though 100% of good products is expected, 
sampling inspection is executed to prevent mixture of failed products by 
mistake of work, etc. The inspection is executed not only to confirm 
that the products meet users' requirement, but to consider potential 


factors. Lot inspection is executed based on MIL-STD-105D. 


(2) Reliability Assurance Tests 


To assure reliability of semiconductor devices, periodical reliability 
tests and reliability tests on individual manufacturing lot required by 


user are performed. 
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Table 1 Quality Control Check Points of Material and Parts 
(Example) 


Material, Important 
; Point for check 
ae SS 


Appearance Damage and contamination 
on surface 
Dimension Flatness 
WarcE Sheet resistance Resistance 
Defect density Defect numbers 
Crystal axis 
Appearance Defect numbers, scratch 
Dimension Dimension level 
Mask : ; 
Resistoration 
Gradation Uniformity of gradation 


Appearance Contamination, scratch, 


Fine 
bend, twist 


wire for 
wire 
bonding. 


Dimension 
Purity Purity level 
Elongation ratio Mechanical strength 


Appearance Contamination, scratch 
Dimension Dimension level 
Processing 
accuracy 
Plating Bondability, solderability 
Mounting Heat resistance 
characteristics 


Appearance Contamination, scratch 
Dimension Dimension level 


Leak resistance Airtightness 
Plating Bondability, solderability 
Ceramic Mounting Heat resistance 
package characteristics 
Electrical 
characteristics 
Mechanical Mechanical strength 
strength 


Composition Characteristics of 
plastic material 

Electrical 
characteristics 

Thermal 

Plastic | characteristics 

Molding Molding performance 
performance 

Mounting Mounting characteristics 
characteristics 
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Process 


Y Purchase of material 
wacer 


Wafer 
Surface oxidation Oxidation 
Inspeccion on surface 
oxidation 
Photo resist Photo 
resist 
Inspection on photo resist 
PQC level check 
Diffusion Diffusion 
Inspeccion on diffusion 
PQC level check 
Evaporation Evapora- 
tion 
Inspection on evaporation 
PQC ievel check 
Wafer inspection Wafer 
Inspection on chip Chip 
electrical characteristics 
Chip Scribe 
Insvection on chip 
appearance 
PQC lot judgemenc 
Frame 
Assembling Assembling 
PQC level check 
Inspection after assembling 
PQC loc judgement 
Package 
Sealing Sealing 
PQC level check Marking 


Final electrical inspection 


Failure analysis 


Appearance inspection 


Sampling inspection on 
products 


Receiving 
Shipment 
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Control point 


Characteristics, Appearance 


Appearance, Thickness of 
oxide cilm 


Dimension, Appearance 


Diffusion depth, Sheet 
resistance 


Gate width 


Characteristics of oxide 
film, Breakdown voltage 


Thickness of vapor film, 
Scratch, Contamination 


Thickness, 
tics 


Vry characteris- 


Electrical characteristics 


Appearance of chip 


Appearance after chip 
conding 
Appearance 
bonding 
Pull scrength, Compression 


width, Shear strength 


atter wire 


Appearance after assembling 


Appearance after sealing 
Outline, Dimension 


Marking strength 


Analysis of failures, Failure 
mode, Mechanism 





Purpose of contre] 


Scratch, removal of crvstral 
defect water 


SECTION 


Assurance of resistance 


Pinhole, Scratch 


Dimension level 





Check of photo resist 


Diffusion status 


Control of basic parameters 
(Vry, etc.) cleanness of surface 
Prior check of VTH 

Breakdown voltage check 


assurance of standard 
thickness 


Prevention of crack, 
Quality assurance of scribe 


Qualicy check of chip 
Bonding 

Quality check of wire 
Bond ing 

Prevention of open and 
short 


Guarantee of Appearance 
and Dimension 


Feedback of analysis intfor- 
mation 


Fig. 3 Example of Inner Process Quality Control 
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Customer 


Claim 
(Failures, Information) 


Sales Dept. 
Sales Engineering Dept. 





a a a gg eet et a vac me ee ea a ee 7 
Quality Assurance Dept. Harhire: anesyers . 

| 

| 

| 

| 

Manufacturing Dept. Design Dept. pone ee eeUre, | 
Execution of 

Countermeasure | 

| 

| 

| 

| 

| 

Quality Assurance Dept. Followup and Contivne | 

) ation of Countermeasure 

Execution 

Report ; 


Customer 


Fig. 4 Process Flow Chart of Field Failure 
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RELIABILITY TEST DATA OF LCD DRIVERS 


SECTION 


|. INTRODUCTION 


The use of liquid crystal displays with microcomputer application systems has 1 





been increasing, because of their merits such as low power consumption, 
freedom in display pattern design, and thin shape. Low power consumption 


and high density packaging have been achieved through the use of the CMOS 


process and the flat plastic packages, respectively. 


This chapter describes reliability and quality assurance data for Hitachi LCD 


driver LSIs based on test data and failure analysis results. 


2. CHIP AND PACKAGE STRUCTURE 


Hitachi LCD driver LSI family are produced in low power CMOS technology and 
flat plastic package. Si-gate process is used for high reliability and high 
density. Chip structure and basic circuit are shown in Fig. 1, and package 


structure is shown in Fig. 2. 


PSG Al Gate 


BPE Bonding wire ore Plastic 


aS ae 


Af 


$02. Source Drain 





FET2 


a _ Fig. 2 Package Structure 


N-channel 
EMOS 





Fig. 1 Chip Structure and Basic Circuit 
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3. RELIABILITY TEST RESULTS 


The test results of LCD Driver LSI family are shown in Table 1, 2 and 3. 


Table 1 Test Result (1), High Temperature Operation 
(Ta=125°C, Vec=5.5V) 


0 
0 
5 
0 









40,000 










0 


oO 
iS 
Oo 
i) 


Table 2 Test Result (2) 


Viigh vonp, storage | TariS0re, 1000 hve, | 180,800,000 | 0 
Tew senp, storage | t4--55%C, 1000 nee. | 140 ft00,000 | 0 
380,000 | _?T_ 


Bt eady state umierty gs. 902 Ris 1000 hrs.) 165 | 170,000 
biased 


*1, *2: Aluminum corrosion 
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Table 3. Test Results (3) 


° 
Thermal shock 0 to 100°C 108 
10 cycles 
~55°C to 150°C 
Temperature li 


ahs 
Solderability z30%c Ss secw | 40 | 














4. QUALITY DATA FROM FIELD USE 


Field failure rate is estimated in advance through production process evalu- 
ation and reliability tests. Past field data on similar devices provides the 
basis for this estimation. Quality information from the users are indispens- 
able to the improvement of products quality. Therefore, field data on products 
delivered to the users are followed up carefully. On the basis of information 
furnished by the user, failure analysis is conducted and the results are 


quickly fed back to the design and production divisions. 


Failure analysis result on MOS LSI returned to Hitachi is shown in Fig. 3. 






Damaged by 
excessive 
voltage 
and/or 


current 
(26.7%) 











Assembly 
(3.12%) 







Marginal 
14.52 


Poor functional 


test pattern 
(3.1%) 





Others 
13.8% 





Fig. 3 Failure Analysis Result 
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5. PRECAUTION 


5.1 Storage 


It is preferable to store semiconductor devices in the following ways to 
prevent detrioration in their electrical characteristics, solderability, and 


appearance, or breakage. 


(1) Store in an ambient temperature of 5 to 30°C, and in a relative humidity 
of 40 to 60%. 


(2) Store in a clean air environment, free from dust and active gas. 


(3) Store in a container which does not induce static electricity. 

(4) Store without any physical load. 

(5) If semiconductor devices are stored for a long time, store them in the 
unfabricated form. If their lead wires are formed beforehand, bent parts 


may corrode during storage. 


(6) If the chips are unsealed, store them in a cool, dry, dark, and dustless 
place. Assemble them within 5 days after unpacking. Storage in nitrogen 
gas is desirable. They can be stored for 20 days or less in dry nitrogen 
gas with a dew point at -30°C or lower. Unpacked devices must not be 


stored for over 3 months. 


(7) Take care not to allow condensation during storage due to rapid tempera- 
ture changes. 


v 


5.2 Transportation 


As with storage methods, general precautions for other electronic component 
parts are applicable to the transportation of semiconductors, semiconductor- 
incorporating units and other similar systems. In addition, the following 


considerations must be given, too: 


(1) Use containers or jigs which will not induce static electricity as the 
result of vibration during transportation. It is desirable to use an 


electrically conductive container or aluminium foil. 


(2) In order to prevent device breakage from clothes-induced static electri- 
city, workers should be properly grounded with a resistor while handling 
devices. The resistor of about 1 M ohm must be provided near the worker 


to protect from electric shock. 


(3) When transporting the printed circuit boards on which semiconductor 
devices are mounted, suitable preventive measures against static elec- 


tricity induction must be taken; for example, voltage built-up is 


@ HITACHI 
Hitachi America Ltd. ¢ Hitachi Plaza ¢ 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 © (415) 589-8300 





Reliability and Quality Assurance 


prevented by shorting terminal circuit. When a belt conveyor is used, 


prevent the conveyor belt from being electrically charged by applying 
some surface treatment. oy =i Om BLO) \\| 


(4) When transporting semiconductor devices or printed circuit boards, 1 


minimize mechanical vibration and shock. 





5.3 Handling for Measurement 


Avoid static electricity, noise and surge-voltage when semiconductor devices 
are measured. It is possible to prevent breakage by shorting their terminal 
circuits to equalize electrical potential during transportation. However, 
when the devices are to be measured or mounted, their terminals are left open 
to provide the possibility that they may be accidentally touched by a worker, 
measuring instrument, work bench, soldering iron, belt conveyor, etc. The 
device will fail if it touches something which leaks current or has a static 
charge. Take care not to allow curve tracers, synchroscopes, pulse genera- 
tors, D.C. stabilizing power supply units etc. to leak current through their 


terminals or housings. 


Especially, while the devices are being tested, take care not to apply surge 
voltage from the tester, to attach a clamping circuit to the tester, or not 


to apply any abnormal voltage through a bad contact from a current source. 


During measurement, avoid miswiring and short-circuiting. When inspecting 
a printed circuit board, make sure that no soldering bridge of foreign matter 


exists before turning on the power switch. 


Since these precautions depend upon the types of semiconductor devices, 


contact Hitachi for further details. 
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6.0 METHODS AND STANDARD CONDITIONS FOR SOLDERING 


Table 6-1 lists the major methods for soldering surface mount 
packages. The methods can be grouped into two broad categories: partial 
heat application methods whereby only the outer leads are heated, and 
overall heat application methods by which the PCB assembly including 


the packages, are heated. 


The standard conditions with brief descriptions of each method are given 
6.1 and 6.2. When selecting the best method, consider all advantages and 
disadvantages. Refer to the recommended method in 7.0 for each particular 


package type. 


Table 6-1 Methods for Soldering Surface Mount Packages 


_ Soldering 1lron 


Manual soldering \g | 6.1 
‘a 


——— 


Ws “Parse current 
Pulse heater 


soldering eae 


Hot air soldering 


Laser soldering 


Infrared reflow 


soldering 


Cooling coil 
vepom: plage see, aes Saturated vapor 
reflow soldering > Inert fluid 


Dip soldering 


Furnace soldering 
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6.1 Partial Heat Application Methods 


Manual Soldering: A package is fixed to the predetermined position 
with flux or adhesive. With the package held in place, the leads are SECTION 
soldered. A pointed tip iron at 350°C is used with solder in narrow 
wire form typically 0.5 mm or less in diameter. Soldering time should 


be three seconds or less per pin. Table 6-2 shows typical processes 





for soidering an QFP. 


Table 6-2 Typical Processes for QFP Soldering 


Process Procedure 


Presoldering 


EH 
















1. Solder-dip the footprint on the board. 





2. Remove all bridges developed in 





dipping. 


Solder 


Board 






Positioning and temporary fixing 


Board 
a | | 


Index 











. Align the index markings. 
2. Place a package on the footprint. 

. Check that the leads on four sides have 
been placed accurately on the footprint. 
4. Fix four corners of the package by 


soldering. Any bridges between leads 





Fix by soldering. may be left as they are. 


. Using a brush, apply flux (rosin-based) to 












Flux application 


the leads and pattern. 
2. Put a small quantity of flux into a 
container for use in each short session 


of flux application (approx. 4 hours). 








3. At the end of each applying session, 


discard all the flux left in the con- 








tainer. Do not mix residual with 


replenished flux. 









Soldering - Move the soldering iron across leads 


while melting the solder. 












Solder 
LSI \ Soldering LSI 
iron 
Board 





Solder Iron tip 


Move soldering iron this way. 
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Pulse Heater Soldering: (source: Textbook for Internepcon JAPAN 
Seminar No. 10, Jan. 26, 1985). A pulse current is allowed to flow in 
a heater chip (collet). As Joule heat develops and flows in the chip, 
a prepared solder piece is melted instantaneously and pressed onto the 
required position by the chip. This method is noted for a minimum rise 
in the temperature of the entire package, but may not be suitable for 
mass production. It is suited for packages with their leads extending 
outward (gull-wing type), but not for those with leads bent inward 
(J-bend leads). Figure 6-1 shows typical structures of heater chips, and 


Table 6-3 lists representative conditions for pulse heater soldering. 


TC: thermocouple 


TC 


Figure 6-1 Typical Heater Chip Structures 


Table 6-3 Typical Conditions for Pulse Heater Soldering 


*: From a compressed-air source of 4 kg/cm2 
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Hot Air Soldering: Air or nitrogen gas is heated, and hot blasts 
are applied through a nozzle to melt-solder devices in place. This 
method requires gas at high flow rates because gas as a heat medium 


S} = On Bie) 


apply hot air under stabilized conditions. Figure 6-2 sketches a hot 1 


has low thermal conductivity and heat capacity. It is difficult to 


air soldering setup, and table 6-4 lists typical conditions for hot 


air soldering. 





Air or nitrogen gas Heater 


| Quartz glass 


Hot air 
Ver 
~—_—— Solder paste 


PCB 


Footprint 





Figure 6-2 Setup for Hot Air Soldering 


Table 6-4 Typical Conditions for Hot Air Soldering 


Hot air temperature 230 — 260°C 


*; Duration of hot air application 




















© HITACHI 
Hitachi America Ltd. Hitachi Plaza ¢ 2000 Sierra Point Pkwy. Brisbane, CA 94005-1819 © (415) 589-8300 33 





Reliability and Quality Assurance 





Laser Soldering: (source: Textbook for Internepcon JAPAN 
Seminar No. 10, Jan. 26, 1985) A laser beam is applied to the target 
position to melt solder. Laser sources include a ruby type, YAG 
(yttrium aluminum garnet) type, glass-fixed laser, and CO? (carbon 
dioxide gas) laser. Currently, C07 and YAG lasers are used. Table 
6-5 compares the characteristics of the two laser types. The YAG 
laser may be more suitable than the CO. type since it provides higher 
heat exchange effectiveness over the metal surface to be soldered and 


a lower absorption factor for the board than the CO? laser. 


Table 6-5 Comparing the CO) Laser and YAG Laser Characteristics 


a Polyimide substrate Tin-lead solder | Initial investment | Laser efficiency 


74% in reflection 
factor (26% in 
absorption factor) 


















2% in reflection 
factor (98% in 
absorption factor) 





















21% in reflection 
factor (79% in 
absorption factor) 


27% in reflection 
factor (73% in 
absorption factor) 







YAG laser 
(1.06 um) 






cigure 6-3 illustrates a typical YAG laser soldering arrangement. The YAG 


laser output in continuous oscillation is from 50 W to 600 W depending on 


the lamp capacity and the volume of YAG crystal.’ 


Camera 


' Cross hairs 
— Relay lens 


ital sas mirror 


Light source 


Beam expander Reflecting mirror 
for adjusting 


“—~) Condenser lens optical axis 


fF R\/ Target material 
VTL LLLLL LLL 


Laser beam 





Figure 6-3 Typical YAG Laser Soldering Arrangement 
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6.2 Overall Heat Application Methods 


Infrared Reflow Soldering: The infrared ray from a halogen lamp 
is condensed by a reflecting mirror into a hot beam for soldering. SECTION 
Because both point and line ray sources can be used, this method 
allows a large number of packages to be soldered at the same time. | 1 


It is therefore suitable for mass production. 





Infrared rays are divided into three groups: far infrared radiation 
(A = 5.6-1000 um), intermediate infrared radiation (A = 1.5-5.6 um) and 
near infrared radiation (A = 0.7-1.5 um). In many infrared ray reflow 
soldering setups, the preliminary heater emits far infrared (or 
intermediate) rays infrared and the main heater releases near infrared 


(or intermediate) rays. 


Reflow conditions vary with the package shape, board configuration 
and soldering equipment. Figure 6-4 shows an example of infrared ray 
reflow soldering conditions for IC/LSI packages. The temperature measure- 
ment point in infrared reflow soldering varies depending on the package 
type and applicable chip. At Hitachi, the criteria for determining the 


position are set forth as follows: 


fo) For temperature measurement on the package surface, the measuring 


position is a MOS package that incorporates a relatively large chip. 


O For measurement on the board or lead surfaces, the measuring position 


1s a bipolar package that incorporates a relatively small chip. 


Oo Where MOS and bipolar packages coexist, the temperature is to be 


measured on MOS package surfaces. 


Since plastic molded surface mount packages are black, the portion 
exposed to infrared rays readily absorbs heat, boosting the temperature 
of that portion higher than that of the leads. This problem is bypassed 
by two measures: cooling the package during reflowing, or placing a 
white metal reflector on the surface of the package to subdue the 
energy absorption and create a lower temperature inside the package. 
Figure 6-5 illustrates a typical temperature profile when a reflector 


is used. 
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Infrared 
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reflector 
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Figure 6-4 Typical Conditions for 


Infrared Reflow Soldering Ti (3) 
ime (s 





Figure 6-5 Typical Temperature Profile 
with Reflector Used 


Figure 6-6 and table 6-6 depict typical reflow conditions for 


transistor packages. 


Temperature (°C) >= 





Figure 6-6 Example of Temperature Profile 
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Table 6-6 Typical Reflow Conditions 


CMPAK, MPAK, MPAK-4 
Soldering 230.= 260°C 
temperature (reference solder 220°C max. 
(board temperature) melting point + 50°C) 


Soldering time 15 - 20 sec. 
temperature 


Vapor Phase Reflow Soldering: A special high boiling point solvent 







SECTION 









1 








(for example fluorocarbon type) is heated to generate a vapor layer. 
As the entire board is passed through the layer, the latent heat of 
vaporation causes the solder to reflow. This method offers the follow- 


ing advantages: 


fe) The temperature can be kept constant. Since the solvent vapor 
is used, the reflow temperature is determined by the boiling 


point of the solvent to eliminate the likelihood of overheating. 


O Damage to components and boards can be avoided due to 
virtually uniform thermal conduction regardless of the configura- 


tion of the solderable assemblies. 


Oo Numerous components of different shapes can be subjected to simul- 
taneous reflow soldering. The use of solvent vapor permits reflow 
soldering at multiple positions simultaneously that eliminate most 
constraints from different component shapes. This feature applies 
particularly to J-bend type devices whose leads are partially 


located under the package. 


o The inert reflow atmosphere prevents solder oxidation or flux baking. 


Any residual flux can be readily removed by conventional techniques. 


Figure 6-7 shows typical conditions for vapor phase reflow 


soldering. 
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Figure 6-7 Typical Conditions for Vapor Phase Reflow Soldering 


Table 6-7 Properties of Solvents for Vapor Phase Reflow 
Soldering (source: manufacturers catalogs) 


FC-70 FC 5311 | GALDEN LS230 GALDEN HS260 


Manufacturer 3M (U.S.A. ISC chemical | Montefluos Monkerlues 




















Molecular 
formula 


Molecular 

weight 

Boiling point 
(°C) 


Specific gravity 
(g/mL) 


Vapor pressure 
(mmHg) 

Specific heat 
(cal/°C.g) 


Thermal 
conductivity 
(cal/g.°C.s) 


Surface tension 
(dyne /cm) 


PFIB 
generation 


(CsF11)3N 


CF 37 (O- cP-C,)n~20-CF, )m-OCF 
tributylamine 


Perfloralkyl-polyether 


220 - 235 250 - 265 
1.824 1.840 


1.6 x 1074 1.26 x 1074 | 1.67 x 1074 1.67 x 1074 


_ _ 
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opening 





Reliability and Quality Assurance 





Figure 6-8 sketches two types of vapor phase reflow soldering equip- 
ment (in-line and batch type), and table 6-7 lists the properties 
of solvents available for vapor phase reflow soldering. The in-line type 
is suited for mass production, and the batch type for low or medium so} = ON BLO) 


production as well as for research and development purposes. Both types 
need adequate ventilation during operation. Consult the equipment 


manufacturer, material vendor and appropriate occupational operating 





standards for ventilation requirements. 


Elevator Housing 


Ventilation uw Access port 


Secondary 
cooling coil 
Primary 
cooling coil 
Filter é Cooling water 


Heat exchanger . 
Cooling water 


© dete fluid 
Structure of Batch Type Equipment 


Chiller 
Exhaust unit 
system 


zl Tr Cooli 
Preheating Reflow | oat 
ee ae 


=! faee ‘aT en | 


In-line System Filtering 


Configuration (source: Catalog of Hitachi Technoengineering, Ltd.) 





Figure 6-8 Vapor Phase Reflow System 


Dip Soldering: A package is fixed temporarily on the board by 
adhesive. With the component side facing downward, the package is 
passed through molten solder. Figure 6-9 depicts the process flow 
for dip-soldering 18- and 28-pin MSPs. Compared with reflow methods, 
this method exerts extremely high thermal stress on semiconductor chips. 
Adverse effects from the stress should be avoided by providing a 
preheating zone to soften thermal shock and minimizing the soldering 
time. Figure 6-10 shows a typical temperature profile for dip solder- 


ing. 
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Adhesive agent 
PCB 















Adhesive 
agent applied 


MSP inserted 


agent cured 
Solder dipping 
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of movement Wave solder 
flux removed (solder vessel for 


surface mounting) 







Electrode 







i a ae So ws 








Assembly Finished product 
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Figure 6-9 Flow of Processes for Solder-Dipping 18- and 28-Pin MSPs 
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Figure 6-10 Temperature Profile of Solder-Dipped Soldering 
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Furnace Soldering: (source: technical information from Senju 
Metal Co.) The PCB is placed on a thin heat-resistant belt. As the 
PCB advances, the belt is heated from below by hot plates to reflow 
the solder. This method provides high processing capacity, and the =} =1e4 aie) 
equipment required is relatively inexpensive. This method, however, | 
is not suitable for boards with low resistance to heat, poor thermal 1 


conductivity or complicated shapes. Figure 6-11 outlines a typical 





furnace soldering setup, and figure 6-12 depicts a typical temperature 


profile of this method. 


Cooling fan 


Heat-resistant 


belt Direction 


of movement 


Main heater 
Preheater 





Figure 6-11 Furnace Soldering Setup 
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Figure 6-12 Typical Temperature Profile of Furnace Soldering 
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7.0. RECOMMENDED MOUNTING METHODS FOR EACH PACKAGE TYPE 


Table 7-1 lists the recommended mounting methods for each of the 


package types now on the market. 


Table 7-1 Recommended Mounting Methods for Each Package 


IC/LSI packages Discrete saan aon 
Mounting methods OFP PLCC FP 
jotesesey| SOP | MSP | sos [ccetamtcn| | aon 
Manual soldering Lon, 


Pulse heater O 
soldering 

Hot air soldering 

Laser soldering 







Partial heat 
application methods 






» | Infrared reflow O 
3 soldering 
Ww 
3% | Vapor phase 
“8 reflow soldering 
ae 
ro 
ope 
64 
eo 
Qo. 
& | Furnace soldering rics re 





Notes 1. Recommended for SOPs with 20 pins or less, but unsuitable for 
SOPs with 24 or 28 pins. 
2. Recommended, or possible for MSPs with 44 or more pins. 
3. Methods indicated as unsuitable may apply depending on the 
specific product. For more information, consult your Hitachi 
representative. 


4. (©: Suitable;  X : unsuitable) 


When determining conditions for the mounting method selected, refer to 
the temperature profile examples in 6.0. The symbols used in the table have 


the following meanings: 


O (suitable): Use this method by considering the temperature 
profile inside the package, temperature rise gradient, change 
in soldering conditions, and solderability. 


X (unsuitable): Do not use this method. 
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The soldering methods are divided into the three groups above with 
emphasis placed on thermal stress on components and solderability. 


Productivity and the costs also be analyzed. 


a) 0080), 


Notice that methods are recommended for each package type. Where 
different package types coexist, select the soldering method suitable 1 


for the package type most vulnerable to thermal stress. 





Flowcharts of Mounting Methods 


Soldering iron method Reflow method Reflow method 
(Spare solder) (Solder paste) 
Board Board Board 













Solder paste 














Solder Flux 


Tacking 


Soldering 
~. 260°C 
(10 sec.) 


Spare solder Spare | Printing 
solder 


parts 














Flux applying 
Tacking 


Preheating 
100 ~ 150°C 
(20 sec.) 








Washing 


(Resin coating) 





Preheating 
100 ~ 150°C 
(20 sec.) 
Re flow 
235°C 

(10 sec.) 
Reflow 
235°C 

(10 sec.) 


Washing. 


Washing (Resin coating) 


(Resin coating) 
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Liquid Crystal Driving Methods 


Driving a liquid crystal at direct current triggers electrode reaction inside 
the liquid cell, deteriorating display quality rapidly. The liquid crystal 
must be driven at alternating current. The AC driving method includes the 
static driving method and the multiplex driving method, each of which has 

the features and can be used for applications. Hitachi has been developping 
the LCD driver devices corresponding to the static driving method and the 
multiplex driving method. The following sections describe the features of 


each driving method, the driving waveforms and how to apply bias. 


B STATIC DRIVING METHOD 


Liquid Crystal Display 
and Terminal Connection ; 








Voo 
COMo 7 “ 
COM, ho 
SEG, Vop 
V3 
: 
i 1 
{ t 
t 1 
Voo 
SEGna1 V3 
1 1 
ry 1 
t t V3 
oz 3 2 3 
ag g g g 
” Yo wo n 
COMy—SEGn+1 OV 
n=O, 1, 5 Selected waveform 
(n=O, 1: oéiewleretee's ? 7) 
—s =~ 
1 frame 
tt 
COMo—SEGn+1 OV 





Non-selected waveform 


Fig. | Example of Static Drive Waveforms 
(Example of HD61602/HD61603) 
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Fig. 1 shows the driving waveforms of the static driving method and an example 
in which "4" is displayed in the segment method. The static driving method 

is the most basic method in which good display quality can be obtained. How- ro} =f ON BO] 
ever, it is not suitable for the display of the liquid crystal with many 
segments because one liquid crystal driver circuit is required per segment. 1 
The static driving method is used at the frame frequency (1/t¢) of several 


tens to several hundreds Hz. 





M MULTIPLEX DRIVING METHOD 


The multiplex driving method is effective in reducing the number of driver 
circuits, the number of connections between the circuit and the display cell, 
and the cost when driving many display picture elements. Fig. 2 shows the 
comparision of the static drive with the multiplex drive (1/3 duty) in 
8-digit numeric display. The number of liquid crystal driver circuits re- 
quired is 65 for the former and 27 for the latter. The multiplex drive 


reduces the number of driver circuits. However, the more multiplexed, the 


1f 1a 1b1g2f 2a 2b2g 8f 8a 8b8g 


Static driving 





method Common---- 
Multiplex driving Com1---------- = 
method Com2 ------- 
(1/3 duty) 

Com3-- ------ 


S: S2 S3S4Ss 


Fig. 2 Example of Comparision of Static Drive 
with Multiplex Drive 
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smaller the driving voltage tolerance. Thus, there are limits to extent of 


multiplexing. 


There are two types of multiplex drive waveforms: A type and B type. A type, 
shown in Fig. 3, is used for alternation in 1 frame. B type is used for 
alternation in between 2 frames. B type has better display quality than A 


type in high multiplex drive. 


segnent | lil HT Hil Segment | | | | 


1 
t 
' 
1 


! ——— 
oo ‘| frame! 
'l) frame: 
Fig. 3 A Type Waveforms Fig. 4 B Type Waveforms 
(1/3 duty, 1/3 bias) (1/3 duty, 1/3 bias) 
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Liquid Crystal Driving Method 


@1/2 Bias, 1/2 Duty Drive 


In the 1/2 duty drive, 1 driver circuit drives 2 segments. Fig. 5 shows 
an example of the connection in displaying '4' on the liquid crystal 


display of 7-segment type, and the output waveforms. 


Liquid Crystal Display i 


and Terminal Connection ! Vop 
com I TL TL V; 
V2 

COM, 
Vpp 
COM, V2 


ft testai? § ° 
SEG, V2 


COMo 





SEG, 41 Vop 
+ 
o) V2 
Ww 
” 


SEGn+3 





! 
COMo—SEG, +1 a ee Vi 


(Non-selected waveform) 


Fig. 5 Example of Waveforms in 1/2 Duty Drive (B type) 
(Example of HD61602) 
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Liquid Crystal Driving Method 


@1/3 Bias, 1/3 Duty Drive 


In the 1/3 duty drive, 3 segments are driven by 1 segment output driver. 
Fig. 6 shows an example of the connection in displaying '4' on the liquid 


crystal display of 7-segment type, and the output waveforms. 


Liquid Crystal Display 
and Terminal Connection 
COM, 


COM, 


COMo 





SEG, 
















COM o—SEG, 2 —V; 
(Selected waveform) —V2 


; 
( 1 
i] i) 
—V3 
‘ t 


Vi 
OV 
COM o—SEG,, —V; 


(Non-selected waveform) eee Sa 
1 frame 


Fig. 6 Example of Waveforms in 1/3 Duty Drive (B type) 
(Example of HD61602) 
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Liquid Crystal Driving Method 


@1/3 Bias, 1/4 Duty Drive 


In the 1/4 duty drive, 4 segments are driven by 1 segment output driver. 
Fig. 7 shows an example of the connection in displaying '4' on the liquid 


crystal of 7-segment type, and the output waveforms. 


Liquid Crystal Display 
and Terminal Connection 


COMs3 





COM; 


COM, Vy 
COM; 





one COM 
3 


SEG, 








SEGn+1 
| 
| 
SEG, SEGn+1 ! ! ! 
: 
n=O, 1, Shean tively 24 ! ! V3 
V2 
| 1 OW 
1 ' 
COMs—SEG, ! ! ——OVv 
(Selected waveform) | ! ay, 
' 
| ~V; 
! Vs 
; 1 
' " 
y ! ! 
i} | ' 
, Vv; 
(Non-selected waveform) _V; 


1 frame 


Fig. 7 Example of Waveforms in 1/4 Duty Drive (B type) 
(Example of HD61602) 
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Liquid Crystal Driving Method 


@1/4 Bias, 1/8 Duty Drive 


Vee 

v1 
COM, V,(V;) 

V4 


Liquid Crystal Display : 
J 


Vee 


CoM: — Ja} : 

1 
COM2 —_L}HLI_HiK COM, V,(Vs) 
cov, — HH : 
com: — i} 


Vi 





COM, 
V 
COM, SEG, vV,¢ 3) 
Ve 
Vs 
~ ww ” + ts) 
oooo 
m Wm tw fa Vee 
NANnNNN 
Vi 
SEG, V,(V5) 
Va 
Vs 
Vicp 
Vi =Vee ~ 4 Viep 
V; ( Vs ) = Vee ~WVi cp 
V, = Vec ~% Vip % Vien 
Vs =Vee ~ Vien 
~4 Vien 
COM, — SEG, 
(Selected waveform) 
™ * yep 
* Example of LCD II. 
V2 is applied to same 
voltage as V3. 4% Viep 
%Vicp 
COM2 — SEG, 
(Non-selected waveform) —% Vien 
—# Vien 











1 1 frame 


Fig. 8 Example of Waveforms in 1/8 Duty Drive (A type) 
(Example of LCD-II) 
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Data 


Liquid Crystal Driving Method 


@1/5 Bias, 1/8 Duty Drive 


) = On BO) 


Common 


1/8 duty, 1 


1/5 bias 





Segment 
Common 1 
Common 2 = Bee en ee! ee 
Segment 1 
Segment 2 
Ve ; 
Ve 
Common 1 Vv 
V 
Vs : 
Ve 
Common 2 V1 
V4 V2 
Segment 1 Va ty, 


Between segment 1 
and common 1] 
(Display OFF) 
1 frame 


Liquid crystal display waveforms 


Between segment 1 
and common 2 
(Display ON) 


Fig. 9 Example of Waveforms in 1/8 Duty Drive (A type) 
(Example of HD44100H) 
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Liquid Crystal Driving Method 


@1/5 Bias, 1/16 Duty Drive 


Liquid Crystal Display 
COM y 


com, —f/HH+- 
com, —{_}f/i_}_Hlt- 
comm—{_ iC 
com,—{_} HH }- 
coMs—{ }C}LH- sic, 
comMe—{_}i{_}_Hillt- 


COM 
COMs 





SEG | 


V 
SEG, 




















COMy 
sS OBS of ae 
a & Ww & 
NN nARH DVN 
43 Vico 
COM, — SEG, 


Vi, = Veco — % Vicp (Selected waveform) _ 1, Vieg 
Va = Vec ~% Vien 
Vs= Vee ~% Vien 
Va= Veco —% Vien — Vicp 


Vs= Vec ~ Vien 
Vicp 


% Vicp 
Me Vico 


COM2 —SEG, 
(Non-selected waveform)—\ Vicp 


—% Vicp 


— Vico 


Fig. 10 Example of Waveforms in 1/16 Duty Drive (A type) 
(Example of LCD-II) 
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Liquid Crystal Driving Method 


@ 1/5 Bias, 1/32 Duty Drive 











zl |2|3f-Loela | 3 bal a2 | 























cpu aR Sit 
COMs OCH OCOC HE COCOCHoCH 
COM4 FOO COCO COCO CHOC 
Ser ofeah heeded tested ot hte 
(OM, BS RGODODOCOOCOCEGAGOHCH com, 





meteetet ntertectertectestartertect ofootestectesteste 
safe taal Oa 
aaa 
wobec peetea teatecterbectectertect obectenfeetertes 
ca Yantai oa SHH HH mates tatoo 





COM7 
COMs 
COMs 
COMho 

























COMu1 7 

we el wl oe a wh ae fe he od od wf 
CO DOORS ESS oOT com 
COMu satan Yoana ttn a nn mt mo 






a L 
sett ahastartestatacteghatettetectadahatetet 





















COMi1s 2,8, | | a.8.8 
Seeteeterteteebeater best eetectetetetet tated 

CoM SOS O COO S OOOOH CCIC 

CoM OSC OO COO OGHOGOORIG 

COMis SS oo eas 









8 ee eee egeegmeg ging aga SE 
wafer teeteetestectectotectactecteteotest tet “te 
pa bp oeatechetecttectetaet to 


COMz21 
COM22 







ohetatetes 




































COMa2:; r*) a 7 HH HH 

en eager deed nebeeteebeetententeedeeteetestonts 
COMa~CHHHHHHHHIHHHHKAHHEHHKH 
COM sfutatafalafatatulalafatatatuitatat § 
COM 26 TF et ct tla lg ll a ttl ol 
COMe? ete ey hy 
COMs~LHHHHHHHHHHHHHHHHHHL SEG 

ST Gh 
COMis ~ LICH RO Th 
COM 30 eT Tt a all ed el bel hd gl od ll 
COMs: ~LHHIG RA a 
COM22 CL HHH] THAW HHH HH 







SECEEEEEE 


r 






~~ re elt lett 





COM: ~ SEGs 
(Selected waveform) 





' 1 frame | 


Fig. 11 Example of Waveforms in 1/32 Duty Drive 
(Example of HD44102CH, HD44103CH) 
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Liquid Crystal Driving Method 





@ POWER SUPPLY CIRCUIT FOR LIQUID CRYSTAL DRIVE 


Table 1 shows the relationship between the number of driving biases and 


display duty ratios. 


Table 1 Relationship between the Number of Dispaly Duties Ratio 
and the Number of Driving Biases 


pete |ara [use far [re mahal ee 
2 3 4 5 6 
1/2 \(1/3 bias) (1/4 bias) (1/5 bias) 
bias 


@ Drive in Resistance Dividing 





Number of 
driving 
biases 















A driving bias is generally generated in resistance dividing. 


Vec(+5V) Vec( +5V) 





Vico 
R 
R 
VR VR 
—5V —5V 
(a) 1/4 Bias (1/8, 1/11 duty) (b) 1/5 Bias (1/16 duty) 


Fig. 12 Example of Driving Voltage Supply 


The setting of resistance value is determined by considering of operation 
margine and power consumption. Since the liquid crystal display load is 
capacitive, the drive waveform itself is distorted due to charge/dis- 
charge current when the liquid crystal display drive waveform is applied. 
To reduce distortion, the resistance value should be decreased but the 
power consumption increases because of the increase of the current through 
the dividing resistors. Since larger liquid crystal display panels have 


larger capacitance, the resistance value must be decreased. 
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Liquid Crystal Driving Method 









Vec(+5V) 
Common/segment selected high level 
: SECTION 
Common non-selected high level 
C 
Segment non-selected high level 1 
C 
Segment non-selected low level 
C 
Common non-selected low level 
Cc 


Common/segment selected low level 


For contrast adjustment 


Large C and R cause 
a level shift. 


Fig. 13 Example of Capacitor Connection for Improvement of 
Liquid Crystal Display Drive Waveform Distortion 
(1/5 bias) (Example of LCD-II) 


It is efficient to connect a capacitor to the resistors in parallel as 
shown in Fig. 13 in order to improve charge/discharge distortion. However, 
the effect is limited. Even if it is attempted to reduce the power con- 
sumption with a large resistor and improve waveform distortion with a 
large capacitor, a level shift occurs and the operating margine is not 


improved. 


Since the liquid crystal display load is of matrix configuration, the path 
of the charge/discharge current through the load is complicated. Moreover, 
it varies depending on display condition. Thus, a value of resistance 
cannot be simply determined from the load capacitance of liquid crystal 
display. It must be experimentally determined according to the demand for 
the power consumption of the equipment in which the liquid crystal display 


is incorporated. 
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Liquid Crystal Driving Method 


Generally, R is 1kQ2 to 10kQ2, and VR is 5kQ to 50k2. No capacitor is used. 


| 
A capacitor of 0.1uF is usually used if necessary. 


@ Drive by Operational Amplifier 


In graphic display, the size of liquid crystal becomes larger and the 
display duty ratio becomes smaller, then the stability of liquid crystal 


drive level is more important than small display system. 


Since the liquid crystal for graphic display is large and has many picture 
elements, the load capacity becomes large. The high impedance of the 
power supply for liquid crystal drive produces distortion in the drive 
waveforms, and deteriorates display quality. For this reason, the liquid 
crystal drive level should be low impedance with operational amplifiers. 


Fig. 14 shows an example of operational amplifier configuration. 








(+5V) Vec Common/segment selected high level 


Common non-selected high level 






Segment non-selected high level 





Segment non-selected low level 







Common selected low level 





Common/segment selected low level 








a nA RD BW 


Contrast 
adjustment 





(-5V) Ver For liquid crystal drive logic circuits 





+ Voltage follower by operational amplifier 


Fig. 14 Drive by Operational Amplifier (1/5 bias) 


No load current flows through the dividing resistors because of the high 
input impedance of operational amplifier. A high resistance of R=10k2 


and VR =50k2 can be used. 


@ Generation of Liquid Crystal Drive Level in LSI 


The power supply circuit for liquid crystal drive level may be incorporated 


in the LSI such as for portable calculator with liquid crystal display. 


HD61602, HD61603 for small display system has built-in power supply circuit 
for liquid crystal drive level. 
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@ Precaution on Power Supply Circuit 


The LCD driver LSI has two types of power supplies: the one for logical 
circuits and the other for liquid crystal display drive circuit. The 
power supply system is complicated because of several liquid crystal 


drive levels. 


For this reason, in the power supply design, take care not to deviate 

from the voltage range assured in the maximum rating at the rise of power 
supply and from the potential sequence of each power supply. If the input 
terminal level is indefinite, through current flows and the power consump- 
tion increases because of the use of CMOS process in the LCD driver. 
Simultaneously, the potential sequence of each power supply becomes wrong, 


and a latch-up phenomenon may be caused. 
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HD44100H 
(LCD Driver with 40-Channel Outputs) 


DESCRIPTION 
The HD44100H has two sets of 20-bit bidirec- >] = Om WTO) 


tional shift registers, 20 data latch flip 
flops and 20 liquid crystal display driver 


I 


circuits. [It receives serial display data 





from a display control LSI, converts it into 
parallel data and supplies liquid crystal 
display waveforms to the liquid crystal. 


The HD44100H is a liquid crystal display 
driver with high generalizability, which (FP—60) 





can drive a static drive liquid crystal and mEPIN ARRANGEMENT 
a dynamic drive liquid crystal, and can be 
applied to a common driver or segment 


driver. 


Mi FEATURES 


@® Liquid crystal display driver with serial/ 


parallel conversion function 
@® Serial transfer facilitates board design 


@ Capable of interfacing to liquid crystal 
display controllers: HD43160AH, LCTC 
(HD61830), LCD IL (HD44780), 

LCDIM (HD44790). 





@ Internal liquid crystal display driver 


..- 40 drivers 


@ Internal serial/parallel conversion 
circuits 
20-bit shift register X 2 
20-bit data latch x 2 


@ Display bias: Static Vv 1/5 
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HD44100H 


@ Power supply 


Internal logic: +5V 


Liquid crystal display driver circuit: -5V 


@ The separation of internal logic from liquid crystal display driver 
circuit allows applicable controllers and liquid crystal types to 


increase. 
® CMOS process 


@® 60-pin flat plastic package 


MBLOCK DIAGRAM 


Vi, V2 


v3, V4 LCD Drivers 
Latch signal fi 
CLI 

















it aa es om 
cL? ay rre_signar*[  2pr pt Bigefesuone a 
OL2 q id 2 j = Shite vestster ——® OR2 
FCS — JL Ss SHL2 
M ee ig! 


vi, v2 LCD Drivers 
V5, V6 ~ 


Oe. RES CD eee GEE comee GETS GOED GD EU Gee Gee emwee COED cere amp 


© HITACHI 
62 Hitachi America Ltd. ¢ Hitachi Plaza « 2000 Sierra Point Pkwy. © Brisbane, CA 94005-1819 © (415) 589-8300 





HD44100H 


Mi ABSOLUTE MAXIMUM RATINGS 


: 


*1 All voltage values are referred to GND. 










<aic}<]/ <afta 
3 
we 
ct 






*2 Connect a protection resistor of 2202+5% to VgRF 
power supply in series. 


*3 Applies to Vj to V6 


M ELECTRICAL CHARACTERISTICS 
(Vcc =9V £10%, Veg =-5V +10%, GND=OV, Ta=-20 to + 75°C) 


Test condition 
CLL, CL2, DLL, DL2, DRI, DR2, 
M,SHLL,SHL2,FCS 
Ion = -0.4mA 
Io, = +0.4mA 


Input leakage CL1,CL2,D1.1,DL2,DR1,DR2, 
current ‘LL | M,SHLL,SHL2,FCS,NC 


Vi leakage 
current 


Power supply foL2 = 400kHz 
current ie 





EcLI = lkHz 


*1 vi-yYj (Vi=1 to 6, j=1 to 40) equivalent circuit 


Vi 
R1 R2 oi 
Moy Jj Ri=w 1kQ max. 
Power Data R2=10k2 max. 


switch switch 


*2  Input/output current is excluded; when input is at the intermediate level 
with CMOS, excessive current flows through the input circuit to the power 
supply. To avoid this, input level must be fixed at high or low. 


*3° Output Y1 to Y40 open. 


@ HITACHI 


Hitachi America Ltd. ¢ Hitachi Plaza « 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 (415) 589-8300 63 








HD44100H 





ME TIMING CHARACTERISTICS 
(Vcc =5V +10%, Veg =-5 +10%, GND=OV, Ta=-20 to + 75°C) 


Test : 
i min {it Unit 


[Bate set-up cine | tau [ouijoizjonijomzmim| [200] 
eu 6 ceuivex2)|s00[ - | 
tpd 
tet 
DH 
























Data delay time | tpd | DL1,DL2,DR1,DR2 CL=15 pF - | 
Clock rise/fall time] tet |CL1,CL2 ae er 
Data Hold time | tpH |DL1,DL2,DR1,DR2,FLM{ si 


ViH 


Vin 


t 
CL2 ViL CWL 


Data in | (e-t su ts 
(DL1, DL2, DR1, DR2) 
Vox 
Data out VoL ( tis 
(DL1, DL2, OR1, DR2) 


CLI 
VIL 
tet ~ t CWH tot 
VIH 
FLM (let s 
VIL 


Fig. 1 Timing Waveform 
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HD44100H 





ME TERMINAL FUNCTION 


Table 1 Fucntional Description of Terminals aj on nte)\ 


name Output 


oe A 
fs War | 20 [Outpoe | Liqusd eryatai| Liquid cryeral driver outpue (Gamel 
fated of | etd nf leap te eee 


Va; a 2 et Power supply Power supply for liquid crystal dispaly drive 

(Non-select* level for channel 1) 
Vs, Ve Input / Power supply Power supply for liquid crystal display drive 

(Non-select level for channel 2) 


Vcc or GND Selection of the shift direction of channel 1 shift register 


a Input | Vcc or GND 


‘Selection of the shift direction of channel 2 shift register 
DL1, DR Input/ | Controller Da 
output | or HD44100H 
DR2 Input/ | Controller Data input/output of channel 2 shift register 
output | or HD44100H 
! Input | Controller Alternated signal for aa crystal driver output 
Input | Controller Latch signal for channel 1 (tv) #*1 
This is used for channel 2 crea FCS is GND. 


Input | Controller Shift signal for channel 1 (CL) #1 
This is used for channel 2 when FCS is GND.. 


Ferd | in | 

t 
Vcc or GND Mode select signal of channel 2. FCS signal exchanges the 
latch signal and the shift signal of channel 2 and inverts 
M for channel 2. Thus, this signal exchanges the purpose of 
eager a 2. 


FCS level [| Channel 2 : M polarity Pur pose 
eee cb sa Shift ae 


poe [a ae ames 


x} ey} 


Don't connect any wires to this terminal. 


x) _f and ~~ indicate the latches at rise and fall times respectively. 






































N 
a Ls Lo of channel 1 shift register 





























*2 The output level relationship between channel 1 and channel 2 based 
on the FCS signal level is as follows: 


po | Output level 

Data Channel 1 Channel 2 
pe 
io SS 2 50 eS ee ees eee 


non gr iT} V3 


(Non-select) 
ae 
(Select) 


cro") ne a 
(Non-se lect) 97 Vv, Ve 


"1" and "O" indicate a high and low levels, respectively. 


GND 
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HD44100H 


WB APPLICATIONS 


e Segment Driver 


When the HD44100H is used as a segment driver, the FCS is set to GND to 
transfer display data in the timing shown in Fig. 2. In this case, both 
of channel 1 and channel 2 shift data at the fall of CL2 and latch it 

at the fall of CL1. V3 and Vs, Vy and Ve of power supply for liquid 


crystal display driver are short-circuited respectively. 


CL1 
Output of 


latch 
(Y1~Y40) 





Fig. 2 Segment Data Waveforms (A type waveforms 1/8 duty) 
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HD44100H 


@ Common Driver 


When channel 1 is used as a segment driver and channel 2 as a common 
driver. 


SECTION 


When channel 2 of HD44100H is used as a common driver, the FCS is set to 1 
Voc level to transfer display data in the timing shown in Fig. 3. 


In this case, channel 2 shifts data at the rise of CL1 and latches it at 





the rise of CL2. Channel 1 shifts and latches as shown in Fig. 2. 


sf 41 4,2 3 4 %§ 6 F B 1 2 
oravonzirom) Wf 
1 Shift: 
Y21 a Non-select 
Py exe ee ee 
v22 ; Select Select 
| Non-select 
¥ 28 ' Select Non-select-~—----= Select 
(33) 
Select Select 
1 
Enlarged\ 
view ‘ eas 
A a rr 


M poe eee 
oui t 
CL1 ee totes t] 
atc 
Y21 eae aiaal 
(Y¥40) tai aes 


Fig. 3 Common Data Waveforms (A type waveforms of channel 2, 1/8 duty) 
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@ When both Channel 1 and Channel 2 used as Common Drivers (FCS = GND) 


When both of channel 1 and channel 2 of HD44100H are used a common driver, 
the FCS is set to GND and the signals (CL1, CL2, FLM) from the controller 


are connected as shown in following figure. 


In this case, connection of power supply for liquid crystal display driver 


is different from that of ségment driver, so refer to following figure. 


Vi, V2 ..... Select level of segment and common 
V3, Vy ..... Non-select level of segment 


Vs, Ve ----- Non-select level of common 










CLi 
CL2 
FLM 
Controller 
(HD43160AH) 
HD44100H HD44100H 
5 7 Segment 
os . driver 
5 a OS Oe es re i es i i 
ge \ fe 
oo. He ee a 
Pi > 1a hee SP eee eee Se aS 
eg ea Me Se Se eae CE ee 
Poa y ee coe eee 
oH oO ! 
ea | 
An uv wn 


eStatic Drive 


When the HD44100H is used in the static drive, data is transferred at the 
fall of CL2 and latched at the fall of CL1. The frequency of CL1 becomes 


the frame frequency of liquid crystal display driver. The signal applied 
into terminal M must be one that has the frequency twice that of CL1 and 
is synchronized at the fall of CL1. The power supply for liquid crystal 
display driver is used by short-circuiting three of Vi, Vy and Ve, and 


three of Vz, V3 and Vs respectively. 


One of liquid crystal display driver output terminals can be used for a 
common output. In this case, the FCS is set to GND and data is transferred 
so that "0" can be always latched in the latch corresponding to the liquid 
crystal display driver output terminal used as the common output. If the 
latch signal corresponding to the segment output is "1", the segments of 


LCD light. They also light with common side = "1", and segment side "0". 
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Static Drive 


First Second 
figure figure 


Timing Chart of Input Waveforms 





Notes: 


ile 


Input square waves of 50% duty (about 30- 
500 Hz) to M. The frequency depends on the 
specifications of LCD panels. 

The drive waveforms corresponding to the 
new displayed data output at the fall of CL1. 
Therefore, when the alternating signal M and 
CL1 donot fall synchronously, DC elements 
are produced on the LCD drive waveforms. 
These DC elements may shorten the life span 
of the LCD, if the displayed data frequently 
changes (e.g.display of hours, minutes, and 
seconds of a clock). To avoid it, set 


L1 
@uitacui 


HD44100H 





79 80 


| | | | | | (Shift Clock) 


(Display Data) 
1: on 0: off 


CL, | | (Latch Clock) 


falling synchronously with the one edge of 
M 


In this example, the CMOS inverter is used as 
a COM signal driver in consideration of a 
large display area. (The load capacitance on 
COM is large because it is common to all the 
displayed segments.) 

Usually, one of the HD44100H outputs can 
be used as a COM signal. The displayed data 
corresponding to the terminal should be O in 
that case. 
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HD44100H 


Data transformed Data O corresponding to 
to Yo to Yao ~ Y, (COM signal) 


HD44100H 
CL, | | 
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HD66100— 
(LCD Driver with 80-Channel Outputs) | 


Description SECTION 
The HD66100 is a segment driver with 80 LCD 
drive circuits and is the improved version of 
the current LCD driver HD44100H with 40 
circuits. | 

It is composed of a shift register, a 80-bit latch 
circuit, and 80 LCD drive circuits. Its interface 
is compatible with the HD44100H. 

It enables lessening the number of LSI’s and 
lowering cost of a LCD module. . 


I 








Features 


@® LCD driver with serial/parallel converting 
function 
@ Interface compatible with the HD44100H; 
connectable with HD43160AH, HD61830, 
HD61830B, LCD-ll (HD44780), LCD-lll 
(HD44790) 
@® Internal output circuits for LCD drive-80 
@ Internal serial/parallel converting cir- 
cuits; 
80-bit bidirectional shift register 
80-bit latch circuit 
@® Power supply 
Internal logic circuit; +5 V +10% 
LCD drive circuit; 3.0 V to 6.0 V (FP- 100) 
@ CMOS process 
@ 100-pin plastic OFP (FP-100) 


Comparison with HD44100H 


9g 3 
LLL 
ODPL 
aQ°s 


aa ¢ 
MII 
25a 


gy 
a 
° 
a 


(Top View) 





Table 1 shows the main differences between 
HD66100 and HD44100H. 


Table 1. Comparison of HD66100 and 
HD44100H 


HD66100 HD44100H 
LCD Drive Outputs 80x 1 Channel 202 channels 


Supply Voltage 3 to 6V 4.5to 11V 
for LCD Drive 

Circuits 

Multiplexing Static to 1/16 static to 1/32 
Duty Ratio duty duty 

Package 100-pin flat 60-pin flat 


Plastic package plastic package 


© HITACHI 


Hitachi America Ltd. © Hitachi Plaza ¢ 2000 Sierra Point Pkwy. © Brisbane, CA 94005-1819 © (415) 589-8300 7 








HD66100 


Pin Description 

Vec, GND, Vee: Vcc supplies power to the 
internal logic circuit. GND is the logic and 
drive ground. Ver supplies power to the LCD 
drive circuit. 


V:, V2, V3, and Va: Vi to V4 supply power for 
driving an LCD (figure 2). 


‘ CL1: Latches data at the negative adge of 
CL1. 


CL2: Receives shift data at the negative edge 
of CL2. 


M: Changes LCD drive outputs to AC. 


Table 2. Pin Function 


Symbol Pin No. Pin Name 1/0 
Veco 46 Vec = 
GND 36 Ground oes 
Vee 31 Vee = 
Vi 32 Vi = 
V2 33 V2 ay 
V3 34 V3 ae 
V4 35 V4 = 
CL1 37 Clock 1 i 
CL2 40 Clock 2 | 
M 44 M | 
DI 41 Date In | 
DO 42 Date Out O 
SHL 39 Shift Left | 
Y1-Ygq 1-30,51-100 Y1-Y8o0 O 
NC 38,43,45,47-50 Non Connection — 


V1,V2: selected level 
V3,V4: non-selected level 


DI: Receives data of the shift register. 
DO: Output data of the shift register. 


SHL: Selects a shift direction of serial data. 
When the serial data is input in order of D:, D2 
Jerse, D79, Dgo, the relation between the data and 
the output Y is as table 3. 


Y1-Ysgo: Each Y outputs one of the four voltage 
levels-Vi, V2, V3, or V4-according to the com- 
bination of M and display data (figure 2). 


NC: Do not connect any wire with these 
terminals. 


Table 3. Relation Between SHL and 
Data Output 


SHL Y1 Y2 Y3....¥79 Yso 
High D1 D2 OD3...... D79 D80 
Low D8O0 D79 OD78..... D2 D1 


Y output ty lice pel gps ——$t 
level . V3 V2 Va 


Vi 


When used as a common driver 





Figure 1. Selection of LCD Drive Output 





Figure 2. Power Supply for Driving an LCD 
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Block Functions 


LCD Drive Circuits 


These circuits select one of four levels of 
voltage V:, V2, V3, and V4 for driving a LCD and 
transfer it to the output terminals according 
to the combination of M and the data in the 
latch circuit. 


Latch Circuit 
This circuit latches the data input from the 
bidirectional shift register at the fall of CL1 


and transfer its outputs to the LCD drive 
circuits. 


SHL=GND 


HD66100 


Bidirectional Shift Reigster 


This register shifts the serial data at the fall of 
CL2 and transfer the output of each bit of the 
register to the latch circuit. When SHL=GND, 
the data input from DI shifts from the bit 1 to 
the bit 80 in order of entry. On the contrary, 
when SHL=Vcc, the data shifts from the bit 
80 to the bit 1. In both cases, the data of the 
last bit of the register is latched to be output 
from DO at the rise of CL2. 


LCD drive outputs 


Y79 Y80 


a] | Latch circuit 30] 


Shift register Be 


LCD drive outputs 


Y79 Y80 


Hy | Latch circuit || 


| Shift register 7} 


Figure 3. 


@ HITACHI 
Hitachi America Ltd. ¢ Hitachi Plaza « 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 © (415) 589-8300 





Relation between SHL and the Shift Direction 


73 


SECTION 


1 











HD66100 


LCD drive outputs Y79 Y80 


eoeeeeeeee#e%eeee8 0@ @ 


a eee 
: PEL tte wat DY vv 


(alternating signal) (power supply for 
; LCD drive circuit) 


+] Level shifter 7 || 


[| Latch circuit 7940 


CLI 
(latch clock) im | 


DI 
(input data) | (La 
ai aes, 


it 


Bidirectional shift register 73 || 


CL2 SHL 
(shift clock) (aelsete 
a shift direction) 


(output data) 


ogic circuit 


Logic circu 


; 





Figure 4. Block Diagram 
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HD66100 


Primary Operations 


Shifting Data negative edge of the latch clock CL1. Thus, 
the outputs Yi-Yso0 change synchronously oy = ON NTO) \\| 
The input data DI shifts at the fall of CL2 and with the fall of CL1. 





the data delayed 80 bits by the shift register | 

outputs from the DO terminal. The output of Switching Data Shift Direction 1 

DO changes synchronously with the rise of 

CL2. This operation is completely unaffected When the shift direction switching signal 

by the latch clock CL1. SHL is connected with GND, the data D80, 
immediately before the negative edge of CL1, 

Latching Data outputs from the output terminal Y: and 
when SHL is connected with Vcc, it outputs 

The data of the shift register is latched at the from Ygo. 


Input data DI 


Figure 5. Timing of Receiving and Outputting Data 





Shift clock CL2 | | | | | | 


Latch clock CLI 


Outputs Y1- Y80 





Figure 6. Timing of Latching Data 
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HD66100 


SHL=GND 
Shift clock 


Input data 


Latch clock 


Outputs 


SHL=Ve¢ 


Outputs 





Figure 7. SHL and Waveforms of Data Shift 
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HD66100 


Absolute Maximum Ratings 





item Symbol Ratings Unit Note 
SECTION 
Supply Logic Circuits Vec -0.3 to +7.0 V * 4 | 
Voltage LCD Drive Circuits Vcc-Veg -0.3 to +7.0 V 1 
Input Voltage (1) Vr —0.3 to Vec + 0.3 V * 
Input Voltage (2) Vr2 Vec+0.3 to Vee—0.3 V *2 
Operation Temperature Topr +20 to +75 a 
Storage Temperature Tstg —55 to +125 °C 


*1 A reference point is GND (=OV.) 

*2 Applies to Vi — Va. 

Note) If used beyond the absolute maximum ratings, LSI’s may be permanently destroyed. It is desired 
to use ones on the electrical characteristics for normal operations, and if not used on these 
conditions, it may affect the reliability of the device. 
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HD66100 


Electrical Characteristics 


1. DC Characteristics 
(Vec=5V+10%, Vec-Vez=3.0 to 6.0V, GND=OV, T.=—20 to +75°C) 


item 

Input High Voltage 
Input Low Voltage 
Output High Voltage | 
Output Low Voltage 


ON Resistance 
Vi-Vj 


Input Leakage Current 


Vi Leakage Current 


Current Dissipation 


Symbol 
Vin 
Vit 


Vou 
VoL 


Ron 
Ron2 
Nie 


We 


IGnp 
lee 


Typ. 


Terminals Min. 
CL1,CL2 0.8XVcc - 
M,DI,SHL O 

DO Vec-0.4 
Y1-Y80 

Vi-Va4 = 
CL1,CL2, -5.0 

M, Di, SHL 

V1-Va —5.0 


Max. Unit 
Vec V 
0.2xVcc V 
_ V 
0.4 V 
11 kQ 
30 kQ 
5.0 BA 
5.0 uA 
2.0 mA 
0.1 mA 


Test condition Note 


lon =-0.4mMA 
lor.=+0.4mA 


lon=0.1mA to 
one of Y terminals 


lon=0.05mA to 
each Y terminal 


Output Y1-Ygo open 
Vin=Vec to Vee 


feL2=1.0MHz * 4 
foi, =2.5kHz 


*1 Input/output currents are excluded; when an input is at the intermediate level in CMOS, the 
excessive current flows from the power supply through the input circuit. 
To avoid it, Vin and Vii must be fixed at Vcc and GND level respectively. 


2.AC Characteristics 
(Vecc=5V+10%, Vec-Vez=3.0 to 6.0V, GND=OV, Ta=—20 to +75°C) 


item 

Data Shift Frequency 
Clock High level Width 
Clock Low level Width 
Data Set-up Time 
Clock Set-up Time (1) 
Clock Set-up Time (2) 
Output Delay Time 
Data Hold Time 

Clock Rise/Fall Time 


Symbol 
fer 

tCWH 
Tow 

fsu 

tsi 

tis 

tod 

tbH 

fet 


Terminals Min. 
CL2 a 
CL1,CL2 450 
CL2 450 
DI 100 
CL2 200 
CLi 200 
DO - 

Di 100 
CL1,CL2 - 


*1 Set-up time from the fall of CL2 to that of CL1. 
*2 Set-up time from the fall CL1 to that of CL2. 


*3 Test terminal 


78 


Typ. 


Max. 
1 


250 


50 


Cz, (Load capacitance on outputs) = 30pF 
(Including jig capacitance) 
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Unit Note 
MHz 

ns 

ns 

ns 

ns * 

+2 
*3 


ns 
Ns 
ns 


ns 





HD66100 


SECTION 


1 





Figure 8. Timing Chart of HD66100F 
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HD66100 


Typical Applications 


1. Connection with the LCD Controller 
HD44780 


4 SAR RATS El Lae GERSTNER SSeS P Contrast 
ss ag || careers GARRET 1 CP ACRES SPSS BD SS eR AE 
»-V 


{power suppl 
pone LCD eval 





Figure 9. Example of Connection (1/16 duty, 1/Bbias) — 


SHL HD66100F 


dosketcses 


¥ Contrast 


> GND oy. 


ppower supply 
for LCD drive] 





Figure 10. Example of Connection (1/8 duty, 1/4bias) 
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HD66100 


2. Connection with LCD lll (HD44790) 


SECTION 


I 


(power supply 
for LCD drive} 





Figure 11. Example of Connection (1/3 duty, 1/3bias) 


3. Static Drive 


first Second Tenth 
figure figure eo eee @ figure 


COM signal 


SEG1— SEG80 


inverter 





Figure 12. Example of Connection (80-segment displa 
aie ” HITACHI ( : play) 
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HD66100 


© Timing Chart of Input Waveforms 


78 79 80 


Input data DI  JRSEG8O KX SEG7T9 KR SEGB «weer ves 


Latch clock CL1 | | 


Figure 13. Timing Chart of Input Waveforms 





Notes 

(a) Input square waves of 50% duty (about 30- 
500Hz) to M. The frequency depends on the 
specifications of LCD panels. 

(ob) The drive waveforms corresponding to the 


seconds of a clock). To avoid it, set CL1 
falling synchronously with the one edge of M. 
(C)In this example, the CMOS inverter is used as 
a COM signal driver in consideration of a large 


new displayed data output at the fall of CL1. 
Therefore, when the alternating signal M and 
CL1 do not fall synchronously, DC elements 
are produced on the LCD drive waveforms. 
These DC elements may shorten the life span 
of the LCD, if the displayed data frequently 
changes (e.g. display of hours, minutes, and 


HD66100F 


Figure 14. Example of Connection 


Data transferred to Y.—Yso 





display area. (The load capacitance on COM is 
large because it is common to all the displayed 
segments.) 

Usually, one of the HD66100F outputs can 
be used as a COM signal. The displayed data 
corresponding to the terminal should be O in 
that case. 


data 0 corresponding to 
Yi (COM signal) 


CLI | | 





Figure 15. Timing Chart (When Y: is used as a COM signal) 
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HD43160AH— 


(Controller with Built-in Character 


Generator) SECTION 
DISPLAY CONTROLLER AND CHARACTER GENERATOR | 1 
FOR DOT MATRIX LIQUID CRYSTAL DISPLAY SYSTEM 
DESCRIPTION 


The HD43160AH receives character data written 
in the ASCII code or JIS code from micro- 


computer and stores them in its RAM which has 
80 words capacity. 


The HD43160AH converts these data into serial 
character pattern, then transfers them to 


LCD drivers. 


It also generates other control signals for 





LCD. Available LCD driver for combination 
with this is HD44100H. 
MM SORTS OF DISPLAY CHARACTERS 


@® Alphanumeric character; A ~ Z, a ~ z, @, #, %, &, etc. 
@ Japanese Character (katakana) 
@ 160 characters by internal character generator (ROM). 


(Max 256 characters by external ROM) 


Mi NUMBER OF CHARACTERS 


@4, 8, 16, 24, 32, 40, 64 or 80 characters in 1 or 2 lines 


Mi FONT 


@5 x 7+ Cursor or 5 X 11 + Cursor 


MOTHER FUNCTION CONTROLLED BY MICROCOMPUTER 


@ Display clear 
@ Cursor ON/OFF 
@ Cursor position preset (Character position) 


@® Cursor return 
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HD43160AH 





Mi BLOCK DIAGRAM 








CSo0 
csi 
CS2 
cs3 


RS 0 
R/W 


; code register 


DBO 
\ 


Gi 


DB6 8 
DBr 5 
Veo => 

GND —~- ™ Boy | 
TEST 





CN0 
CN1 
CN 2 


DLN FNTS CURS ROMS 





Line counter 









Cursor counter M 
Character number FLM 
ounter ae 
P/S con- 
verter D 
Internal 
oscillation 
, circuit 
X0~X7 hed oe f , 
Yo~Y3 \External, CL2 
ROM | 
| (max. 256 e~——— — d 
! ehacgest #4 gsciWW oscz 
Leese RI 


MB ABSOLUTE MAXIMUM RATINGS 








Item 


Supply voltage 
Input voltage 


84 





Operating temperature 


Storage temperature 






[tape | -20 to 75 |e 


V 
V 
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HD43160AH 





WM ELECTRICAL CHARACTERISTICS (Vcc=5V+5%, GND=OV, Ta=-20 to +75°C) 


Input voltage CSO ~CS3, E, R/W, 
(TTL compatible) DBO ~ DB? RSO 
OSC1, TEST, RST, ENTS, 


min 
Input voltage CURS, DLN, ROMS, 
VILC 






SECTION 













Test condition 





RO 
oS 
Q 
ad 
< 
= 






0.7 Vc 
CNO ~CN2, 0; ~O5 


haat .2 ; 


(TTL compatible) Iou=1.6mA 

Vv 
Output voltage One T1oad™t0.4mA 
Input leak current e- 


IL 
OL 
lin 
ILo 
Ipi 
T 






FLM,M,D,CL1,CL2, 
XO ~X7, YO ~¥3 


Vvcc-1. 












wn 
o 


t 
_ 
oOo 


130 192 





Oscillation fcP1 
frequency fcp2 


CSO ~CS3, RSO, R/W, 
_DBO ~ DB? 


Re=130kKQt2%, 5x11+Cursor 






Input pull up current 





Ta=25c, fcp=400khz 
(external clock) 





teag 
oO 


Power dissipation 





es 


* Input/output current is excluded. When input is at the intermediate level with CMOS, 
excessive current flows through the input circuit to the power supply. To avoid this, 
input level must be fixed at high or low, but CSO ~CS3, RSO, R/W, DBO ~DB7 are excluded. 





M™ PIN ARRANGEMENT 


Pin Power sup. Input Out put Power sup. Input Out put 
No. OSC. . ‘ i. 


om meee ane 

X4 
eae 
ee 


=o 
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HD43160AH 


M@ PIN FUNCTION 


+5V + 10% Power suppl 
Power supply = Ov Pply 


GND or Vcc Total displayed character number select. 


GND or Vcc I |Cursor select 
Vcc: 5 dots. eecaeee 
GND: 1 dot. e 

GND or Vcc I |Display line number select. 
Vcc: 2 lines. 

GND or Vcc 


Number 


Pin 


NAaMe | terminals 


NO 


Q1;a< 

Zl wa 

oO; 9a 
io] 
Fh 


3 
CN1 


QO 
Z 
No 


CURS 












DLN 


GND: 1 line. 


Font select. 
Vcc: 5 x11+Cursor. 
GND: 5 X7+Cursor. 






FNTS 


a] 3 


ar | 


Ss 
TEST 


Only for test. Normally Vcc 


Only for test. - Normally GND 


< 
Q 
OQ 


1 


zm 
o 


G 


Strobe signal. 

Write mode: The HD43160AH latches the data on 
DBO ~DB7 at the falling edge of 
this signal. 

Read mode: Busy/Ready signal is active on DB7 

while this signal is 'H'. 
(L:Ready, H:Busy) 























R/W Read/Write signal 
L: HD43160AH gets the data from MPU. 
H: MPU gets the Busy/Ready signal from 
HD43160AH. 
cso MPU Chip select 
CS1 When all of CSO ~CS3 are 'H', HD43160AH is 
CS2 selected. 
CS3 
RSO Register select. 












HD43160AH has 2 registers. One is for 
Character code and another is for instruction 
code. Each register latches the data on 

DBO ~DB7 at the falling edge of 'E', when 


CSO ~CS3 are 'H' and R/W is 'L'. 
H; Character code register is selected. 
L; Instruction code register is_ selected. 


Data bus. 
Inputs for Character code and Instruction 
code from MPU. 

Output for Busy/Ready flag (DB7). 





Oo 
w 
) 
HK 


HD44100H 
HD44100H 
HD44100H 


Serial dot data of characters for LCD drivers 


Dot data shift signal for LCD drivers. 
Dot data latch signal for LCD drivers. 


@ HITACHI 
86 Hitachi America Ltd. ¢ Hitachi Plaza e 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 ¢ (415) 589-8300 


a S) 
te wf 
ho ~~ 


OQ 
c 
a 
~ 





HD43160AH 


Alternate signal for LCD drivers. 
Signal for common plates scanning. 


Character code outputs for External character 
generator. (for Ext ROM) 

X7: MSB 
XO: LSB 










HD44100H 
HD44100H 


SECTION 






ex: character 'A' 






Dot data inputs from External character 
generator. 

1(H): ON 
O(L): OFF 


Select Internal or External ROM. 
H: External ROM 
L: Internal ROM 


















Oscillator. 5 x7 +Cursor : R¢=200kQ (typ) 


5 X11 +Cursor: R¢=130kQ2 (typ) 






GND or Vcc —s 
(I) 
(O) 


Don't connect any wire to these terminals. 
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HD43160AH 
Mi CHARACTER DOT PATTERNS 


@e5x/7 


The bottom lines of the English small characters "g, i, p, q, y," are 


on the cursor line. 


aracter code lower 4 bits (hexadecimal) 


Ary 03 Cd SE 
=I 


be |ift [Ot 


un 
ig 
T 


o~ 
‘a 
& 
ood 
12) 
i) 
~o 
oY 
* 
oy) 
G 
Ne 
) 
4 
ol 
fe) 
St 
bed 
ce) 
a. 
oy 
=] 
Y 
ae] 
1°) 
OY 
ta 
cc) 
4 
13) 
w 
4 
w 





Ea 
tii! 


@5 x11 


Only English small character "g, j, p, q,; y," are displayed as below, the 


others are in the same way as that of 5 Xx 7. 


qIP ae 


e Cursor 5 dots: eeee0 
} dot: e 





The cursor is displayed on the 8th or 12th line. 
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HD43160AH 


MB APPLICATION 


@ Setting Up 


a) Total character number ..... (CNO ~ CN2) 
b) Cursor pattern ............. (CURS) 

c) Display line number ....... . (DLN) 

Cd) “BONG <6 ces evegn na te tenes cares. CENTS) 


These terminals should be connected to Vcc or GND according to the LCD 
display system. RST and TEST should be connected to Vcc and GND 


respectively. 


@e Interface to the Controller 


a) Example 1 Interface to HD6800 


HD 6800 (MPU) » HD 43160 AH 





In this example, the addresses of HD43160AH in the address area of the 


HD6800 microcomputer are 


Instruction code register  #'E***'! (R/W=0) 
Character code register #' PARK! (R/W=0) 
Busy flag #'EX*X" or #'F*AK' (R/We=l), 


*: don't care 
#'': hexadecimal 
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HD43160AH 





b) Example of display program 













Read Busy flag 
from # 'E*x*x! 


or # ‘'Fx**! 
Check Busy or Ready 


7 Y: Busy 
N: Ready 


Instruction Character 





Write charact. code 


to # 'Fxxx! 


Write Inst. code 
to # 'Exx*x! 









c) Time length of Busy 


write Inst. or Charact. code 






Busy 
(Internal) 





Display clear 
Other function 


HD43160AH begins the operation from the rising edge of 'E'. 
Instruction code register and Character code register latch the data 


on DBO ~DB7 at the falling edge of 'E'. 
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HD43160AH 


d) Timing chart 





Write sequence Read sequence 
(MPU — HD 43160AH ) (MPU HD 43160 AH) 
tcyc 1 
aaa acta aaa: | tcyc 
l 
2 | iS Pwet | Pweu | 
| | | | 
| 
; j | t | tpoR | 
, | S } | t 
AS | H 
CS 0 CSO 
( 5 
CS 3 CS 3 
RSO RS 0 
| | 
R 
R/ W R/W ead : 
| 
| | 
DBO 
DB7 Busy 
DB7 ready 





e) Timing characteristics 
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HD43160AH 


92 


g) Timing chart 


f) Example 2 Interface to 8085A (Intel) 










E 


CS 2 
CS1 
CS 90 
RS 0 


HD43160AH 


CLK 


10/M, $1 


Al2 Al5 


T4 


Pulse widths of RD and WR signals of the 8085A are 400ns MIN, while 
the pulse width of E signal of the HD43160AH is 450 ns min. 
Therefore, in this example, RD and WR signal pulse widths are 


widened by using Tywar7 cycle. 
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HD43160AH 


ME DISPLAY COMMANDS 


@ Display Control] Instructions 


These instructions should be written into the instruction register of 


HD43160AH by the microcomputer. (RSO='L', R/W='L') 





a) Display clear 
MSB LSB 
code: | o| Of 0}o]ojofofi 
Operation: The screen is cleared and the cursor returns to the 


lst digit. 


b) Cursor return 
MSB LSB 
code: [ololofofo]o[ifo| 
Operation: The cursor returns to the lst digit and the characters 


being displayed do not change. 


c) Cursor ON/OFF 
MSB 


LSB 
Code: [O/0}0}o/o0/1/ 0/0] (on) 
POLO; ofofoli}of1} corr) 


Operation: The cursor appears (ON) or disappears (OFF). 


d) Set cursor position 
MSB LSB 


2 lines -UPPer_| 1 | O| (n-1) binary | 


N,n,m: digit number 





Code: 





Operation: The cursor moves to the Nth (nth, mth) digit. 
N < the total character number; 
n,m < 1/2 total character number. 
ex 1 *1 line* 
Set the cursor at 55 digit. The code is '10110110'. 
ex 2 *2 lines* 
Set the cursor at 35 digit of upper or lower line. 
The code is '10100010' (upper). 


"11100010' (lower), 


@ HITACHI 


9 
Hitachi America Ltd. ¢ Hitachi Plaza ¢ 2000 Sierra Point Pkwy. © Brisbane, CA 94005-1819 « (415) 589-8300 





HD43160AH 
@ Display Character Command 


When the character code is written into the character register of 
HD43160AH, the character of this code appears where the cursor was dis- 


played and the cursor moves to the next digit. (RSO="H', R/W='L") 


MSB LSB 
code: (CHARACTER CODE) 
ex. lL 


before | ABCD _ 
after ABCDE _ 


@ Read Busy Flag 


When CSO ~CS3='H', R/W='H' and E='H' (RSO='don't care'), the Busy/Ready 
signal appears on DB/7. 
DB7 '‘'H': BUSY 
'L': READY 
Time Length of Busy (oscillation frequency=200kHz) 





(depends on the operating frequency) 


@ Interface to External ROM 


a) Example 


Address 

External ROMS 
1: Ext. 
QO: Int. 


*pA is used as the 
precharge signal for 
Dynamic ROM if nec- 
essary. 





Interface to External ROM 
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HD43160AH 


b) Row code 


Row code 


Ol 02 03 O4 05 Y3 Y2 Yl YO 






Row code pon. ty 

000 1 

O1 02 03 04 05 Y3 Y2 Yl YO fe gh le oh 
oo 1 1 

0 0 0 0 0 1 0 0 

oO Ol 0 1 0 1 

00 1 0 0 1 1 0 

001 1 01411 41 

0 1 0 0 100 0 

010 1 100 1 

0 1 1 0 1 01 0 

0 1 1 #21 1 o1 1 

5 x 7 + Cursor 5 x 11 + Cursor 


c) Timing chart 


1 
| Teo | 
XO~XT 
Yo~yY3 
| 
[neg ——————- 
oA | 2) | | | 
fep 
| 
| 
01~0O5 
Effective data 
ROMS 
———_——__________»»-| 
| | 
{ MAX 7 
{ | 
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HD43160AH 


@ Interface to LCD Drivers 





a) Example 
Common ane 
signals | Liquid crystal display 
Y¥21~ Y40 Y1~Y20 Y1~ Y40 
V1~V6 V1~V6 
FCS FCS 
SHL1 SHL1 
sut2 HD44100H ne HD44100H 
DL1 
DR1 
DL2 = C 
FLM 
<a 
HD43160AH cL} 
CL2 
M Soe 





Interface to HD44100H 


b) Wave forms (5 X7+Cursor 1 line) 


Enlarged 


a ae 


CL2 


BS ee ee de 


One row of a character 


One row of 80 characters (400 dots) 
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HD43160AH 


M@ DOT MATRIX LIQUID CRYSTAL DISPLAY SYSTEM 


Typical Application oj OU TO) \" 


5 X7+Cursor 
2 Lines 40 Characters 1 










we sep we we : CONTROLLER 














~ | AN 
Veco SVOMPy SS 
. csi} 

at 

oe 

te 


Reem erm er He o> orm FV 0 OA Nee eo > > 55 > SS 


: < 
Y¥29> >> >> 


scccmmenmen |!) 
ean omermeees ||: 

ase A 
ace iar ia saree 
were um @ tena wiser ae esepm else vamesee 
Cameo am sens a mcece ame mmacesam cae aw smmrace 
smpecasmy wtesem Vetem ‘ oe 

- ry 


a: tease om, 
aemeccem amestoas mone me seus oe 7 


- mess we «ae 
- wise ee 
= amseen ae ae 
SHO ts NACE sks aw tees 
PRrrie ttt) Silty mrard 





ce68 saae 
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HD44780,HD44780A_ 
(LCD- II) 


(Dot Matrix Liquid Crystal Display 
Controller & Driver) 


DESCRIPTION 
The LCD-II (HD44780, HD44780A) is a dot M@ PIN ARRANGEMENT 


matrix liquid crystal display controller & 
driver LSI that displays alphanumerics, 

kana characters and symbols. It drives dot 
matrix liquid crystal display under 4-bit 

or 8-bit microcomputer or microprocessor 
control. All the functions required for dot 
matrix liquid crystal display drive are 
internally provided on one chip. The user 
can complete dot matrix liquid crystal 
display systems with less number of chips 

by using the LCD-II (HD44780, HD44780A). 

If a driver LSI HD44100H is externally 
connected to the HD44780, up to 80 
characters ean be displayed. 

The LCD-II is produced in the CMOS process. 
Therefore, the combination of the LCD-II | (FP-80) 
with a CMOS microcomputer or microprocessor (Top View) 
can accomplish a portable battery-drive 


device with lower power dissipation. 


9 
¢ 
oO 
tu 
“” 
a 
© 


M FEATURES 


° 5X7 and 5 X10 dot matrix liquid crystal 


display controller driver 


* Capable of interfacing to 4-bit or 
8-bit MPU. 


* Display data RAM... 80 x8 bits 
(80 characters, max.) 


¢ Character generator ROM ... 
Character font 5 x7 dots: 160 characters 


Character font 5 x10 dots: 32 characters (Top View) 
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HD44780, HD44780A (LCD-II) 


¢ Both display data and character generator RAMs can be read from the MPU. 


* Internal liquid crystal display driver ..... 


SECTION 


16 common signal drivers 
40 segment signal drivers (Can be externally extended to 360 segments 
by liquid crystal display driver HD44100H) 





* Duty factor selection (selected by program) ..... 
1/8 duty: 1 line of 5 X 7 dots + cursor 
1/11 duty: 1 line of 5 x 10 dots + cursor 
1/16 duty: 2 lines of 5 x 7 dots + cursor 


Maximum number of display characters 


No. of | Duty Extension | LCD-II HD44100H oo 
ince factory 










Not 
1/8 1 : x 

wees ue Frorsaea 2? | aeaicudeacasia 
eSPley | duty ided | 1 oe 80 characters x1 line 

diel bes (8 characters/pc.) eee 

Not 
ere — 1 pe. pes. (8 anes a ee 40 characters x2 lines 
x2 lines/pc) 


* Wide range of instruction functions 





provided 





Display clear, Cursor home, Display ON/OFF, Cursor ON/OFF, 
Display character blink, Cursor shift, Display shift 


* Internal automatic reset circuit at power ON. (Internal reset circuit) 


* Internal oscillation circuit (with external resistor or ceramic filter) 


(External clock operation possible) 


« CMOS process 


* Logic power supply: A single + 5V (excluding power for liquid crystal 
display drive) 


* Operation temperature range: -20 ~ +75°C 


(Device for -40 ~ +85°C available upon request) 
. 80-pin plastic QFP (FP-80, FP-80A) 


M ORDERING INFORMATION 


Type No. Operation Frequency Package 

HD44780SA**H 1.0 MHz 80-Pin. plastic QFP (FP-80) 
HD44780SA**FH 80-Pin plastic QFP (FP-80A) 
HD44780SA**FA 1.5 MHz 80-Pin plastic QFP (FP-80) 


Note: ** = ROM Code No. 
HITACHI 
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00L 


0088-68 (Sir) © GL8L-SOOPE WO “BURgSLIg © AMYq JUl0d BLAIS QOOZ © BZEiq DEI © “P}] BOVaWY 1yIe}H 


IHOVLIH @ 


Vee 
GND 


OSC, 
OSC. 


Vi 
Power Supply Vy 
for Liquid . 
Crystal Vs 
Display Drive| Vs 
Vs 







































Display Data 






Instruction 
Decoder 





Register (IR) 





Instruction 





































40 


4d 
RAM U4 
rl 
(DD RAM) & Yo 
80x8 bits — 
ro wee 
ry) »] | er oo 
4 ri} | O OY 
U4 « o f ~ 
3 Gul tw 
fa oo rd hy rs 
aa rir 
co) a mo 
~ ww 
eH or | 
re 00 
rT) O 
iJ 7 MH 4 4 
o - 3¢ rf = 
sa! Character Oo 5 a 
oY) Generator Pe 5D 
fara) rf dh 
ROM o) ap) 9 
(CG RAM) (CG RAM) 5 ie 
512 bits 7200 bits | yA 
| 6D 
rf) 
J) 


Busy 
Flag 


Parailel/Serial Data 
Conversion Circuit 


(Parallel Data Serial Data) 


40-bit Shift Register 





16 


40 


~~ 


QQ 
sp oa! 
ny 


COM, ~COMis 


SEG; ~SEGao 


(YOINJINI 11-091) WyYyoVIG 190719 


(II-GO'l) VO8LPPdCH ‘O8LPPCH 





HD44780, HD44780A (LCD-II) 


M@ ELECTRICAL CHARACTERISTICS 


@ Absolute Maximum Ratings SECTION 


i 
i 


Power Supply Voltage (1) V cee 
[operating Tenperatare [Tope [20 eos +f | 


Note 1: If LSI"s are used above absolute maximum ratings, they may 
be permanently destroyed. Using them within electrical 
characteristic limits is strongly recommended for normal 
operation. Use beyond these conditions will cause mal- 
function and poor reliability. 








Note 2: All voltage values are referenced to GND=OV. 
Note 3: Applies to V1 to V5. Must maintain Vcc 2V12V22V32V42V5 
(high «+ + low) 
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HD44780, HD44780A (LCD-II) 





@ Electrical Characteristics (Vcc =5V+10%, Ta =-20 to +75°C) 


Vcc ® = Vcc-V5 The conditions of Vj, V5 voltages are. 

Vi = Vcc-V1 for proper operation of the LSI and not 
® 2 1.5V for the LCD output level. The LCD 

V5 


s 0.25 xXA- drive voltage condition for the LCD 
4 output level is specified in "LCD 
| voltage Vycp". 


HD44780 


Input "Low" Voltage (1) Vin. 


condition typ 
Input "High" Voltage (1) / Vm | 
}Output "High" Voltage (1) (TTL) 
Output "Low™ Voltage (1) (TTL) 
Output "High" Voltage (2) (CMOS) | Voy 
Output "Low" Voltage (2) (CMOS) 
Driver Voltage Descending (COM) 
Driver Voltage Descending (SEG) 


Power Supply Current (1) 


Ceramic filter 
oscillation 
Vec=5V, fosc= 
250kHz 


Power Supply Current (2) : R£ oscillation 
External clock 
operation 
Vec=2V> fosc= 
fcp=270kHz 





External Clock Operation 


Input "High" Voltage (2) 
Input "Low" Voltage (2) 
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HD44780, HD44780A (LCD-II) | 


smal 
ym condition min 

Output "High" Voltage (1)(TTL) | Voui | -Ipq=0.205ma 
Output "Low" Voltage (1) (TTL) VoLl IoL=1.2mA Ee 
Output "High" Voltage (2)(CMOS) | Voy | -Ipq=0.04ma 0.9Vcc P= , - [v | @)| 
Output "Low" Voltage (2) (CMOS) VoL2 Lo, 70 .04mA a ¢ 
Driver Voltage Descending (COM) VcoM Id=0 .05mA 
Driver Voltage Descending (SEG) | Vso Id=0 .05mA 
Input Leakage Current Vin=0 to Vcc 
Pull up MOS Current -Ip Vcc=5V 5 


Power Supply Current (1) Ceramic filter 
Icc) | oscillation 0.55 0.8 
Vcec=5V, fosc* 
250kHz 
- g 


HD44780A 





















i 
a. 
0 





Rf oscillation 
External clock 






Power Supply Current (2) 


operation 
Vec=9V, fosc= 
£cp=270kHz 










External Clock Operation 


ee ee mcm ae ee ete ee ee te ee ee ee ee ee ee ee ee ee ee ee eee ee 





Input "High" Voltage (2) 
Input "Low" Voltage (2) 
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HD44780, HD44780A (LCD-II) 


Note 1: The following are I/O terminal configurations except for 


liquid crystal display output. 


2% ¢ Input Terminal 
a , —_ Applicable Terminals: E Applicable Terminals: RS, R/W 


(No pull up MOS) (With pull up MOS) 





Vee 





PMOS PMOS 
NMOS Pull Up MOS NMOS 
° Output Terminal 
Applicable Terminals: CL 1, CL2, M, D 
Vee 
PMOS 
NMOS 
¢ I/O Terminal 
Applicable Terminals: DBg to DB7 
Ve naa D Ved 
Enable 


beat 


(Output Circuit) 
(Tristate) 





Note 2: Input terminals and I/O terminals. Excludes OSC, terminals. 


Note 3: I/O terminals. 
Note 4: Output terminals. 
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HD44780, HD44780A (LCD-II) 


Note 5: Current flowing through pull-up MOS's and output drive MOS's is 


excluded. 


SECTION 


Note 6: Input/Output current is excluded. When input is at the inter- 
mediate level with CMOS, excessive current flows through the 1 
input circuit to the power supply. To avoid this, input level 


must be fixed at high or low. 





Note 7: External clock operation. 






Open 
Th Tl 
0.7 Vee D Th ot P 
t = re 
0.5 Veg u y Th As T1 00 ° 
0.8V o¢ 
trep trop 


Note 8: Internal oscillator operation using oscillation resistor Rf. 


OSC, 
Ri Rf -91kQt 2 % 


OSC, 


Since oscillation frequency varies depending on OSC] and OSC2 
terminal capacity, wiring length for these terminals should be 


minimized. 


Note 9: Internal oscillator operation using a ceramic filter.is used. 


Ci Ceramic filter: CSB250A (Murata) 
ost Rf: 1MQ +10% 
> Cy: 680pF+10% 
OSC, Co: 680pF+10% 
C Rd 
Rd: 3.3k2+5% 


Ceramic filter 
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HD44780, HD44780A (LCD-II) - 


Note 10: Applies to both Vcom and Vso voltage drops. 
Vcom: From poer supply terminal Vcc, V1, V4, V5 to each 
common signal terminal (COM, to COMj6) 
VsSEG: From power supply terminal Vcc, V2, V3, V5 to each 
segment signal terminal (SEG to SEGgo) 


Note ll: Relation between operation frequency and current consumption 





is shown in this diagram. (Vcc = 5V) 


Ico2 
(mA ) 
12 


1.0 
0.8 
0.6 
0.4 


0.2 





100 200 300 400 500 


fosc or fcp (kHz) 


-Note 12: Applied to OSC] terminal. 


Note 13: The condition for COM pin voltage drop (Vcoy) and SEG pin 
voltage drop (Vopc¢)- 
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HD44780, HD44780A (LCD-II) 
@ Timing Characteristics 


Write Operation SECTION 


RS / Ving Vina} 
Viur Vii 

Rw 
Vini Viui 


Vin 
V 
DBo~ DB; A aero aries — 
tL Viu 


Fig. 1 Bus Write Operation Sequence 
(Writing data from MPU to LCD-I ) 





a 


Read Operation 


Rs j Van Vans A 
Vint Vinay 


| 
7, 





nw Vie . Viw 
E Vim 
Vin ter x Vins 
ter thon 
Vou, \ \/ Vow 
{ Valid Data ) 
teves 


Fig. 2 Bus Read Operation Sequence 
(Reading out data from LCD-I to MPU) 
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HD44780, HD44780A (LCD-II) 


Interface Signal with Driver LSI HD44100H 


CL 


Cle 


0.9Vo, 0.9 Vee 


tcwn 


wtcsu 
0.9 Voc 0.9Vec 


0.1Ve¢ "0.1 Vee 
oon cq 0.9Vocg i) 
O1Ved %1V Ge ¥ 


tev ton 


7 0.1 Vee 


tom 


Fig. 3 Sending Data to Driver LSI HD44100H 
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HD44780, HD44780A (LCD-IT) 


@ Bus Timing Characteristics (Vcc =5.0V+10%, GND =OV, Ta =-20 to +75°C) 
o HD44780 


Write Operation (Writing data from MPU to LCD-ITI) 


"aca 
ee = 
amie rie wan [RT [ven [ve [of | we 
eae eran tees we] et | - [sf 
of 
usr wou te [ewe | ef = 
[= [= 
= 


Read Operation (Reading data from LCD-II to MPU) 


smn [tee conicton [ate] mit 

Sabie gee fear | mie? fio] - [ 
PW Fig. 2 450 

Enable Pulse Width FH ig 




















co 
}. 
i 
} 
ct 














foaie neti te [oar] Me? | - | 8] 
f= 

ates wie ew | mee || 
ate ooay tie ean ee - 
; 
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SECTION 
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HD44780, HD44780A (LCD-II) 


110 





o HD44780A 


Write Operation (Writing data from MPU to LCD-II) 










Enable Cycle Time 
: tty wt 
Enable Pulse Width 
level 
Enable Rise/Fall Time Fig. 1 p= | 25] 
* 
Address Hold Time mane 


~ 
So 
re jO 
© + 
No 





w 


ma a He Yee | Oe | 


: ae R/W 60*1 
fare ae [rf 


Notes: *1. *1, is 8-bit interface mode 
*2,. *2, is 4-bit interface mode 
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HD44780, HD44780A (LCD-II) 


@ Interface Signal with HD44100H Timing Characteristics 
(Vcc =5.0V +10%, GND=OV, Ta =-20 to +75°C) 


SECTION 


o HD44780 


| min | max | 
. "High Ww . 
Clock Pulse Width Fig. 3 80 
level 
"Tow" 
Clock Pulse Width Fig. 3 800 ns 
level 













om) 





tcwH 
CCWL 
vol [ws 


HD44780A 


Limit 
aie [ar 
sas Pew ol - [oe 
level 
Clock Pulse wiath | "TW" rig | 00] - | we 
level CWL 
Clock Set-up Time Fig. 3 | - | ns | 
0] = oe 
tk = 
CpM 

















jo) 






oa 
© 
>) 


© 


Data Set-up Time 







Data Hold Time Sty Fig. 3 300 


Loading Circuit (TTL Load); DBg to DB7 





HD44780 5.0V HD44780A 5.0V 
Rp =2.4k2 Ry =LOkN 
Test Point Test Point 
C R 
C=130pF rf it C=50pF 
R=11kQ R=20k2 
All Diodes: 182074@ All Diodes: 182074@ 


Loading Circuit (CMOS Load); CLj, CL2, D, M 


Test | 


30pF 


IK 
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HD44780, HD44780A (LCD-II) 


@ Power Supply Conditions Using Internal Reset Circuit 


LCD-II 


on on Pi 
| 


Since the internal reset circuit will not operate normally unless the 
















preceding conditions are met, initialize by instruction. 


(Refer to "Initializing by Instruction") 


Vec 


O.1ms2t,,,..2 10ms torr2ims 


(Note) toppr stipulates the time of power OFF for power supply 
instantaneous dip or when power supply repeats ON and OFF. 
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HD44780, HD44780A (LCD-II) 


B Terminal Function | 





Table 1 Functional Description of Terminals rj ou nto) 


Signal | No. of | Input/ | Connected 
name lines Output | to 


cin 
"O": Write 


R/W 1 Input 
"1": Read 


1 Input MPU | Operation start signal for data read/ 
write 


DB4 ~ 4 Higher order 4 lines data bus with 
DB] bidirectional three-state. Used for 
oa ~ Input / 
Output 
| 


data transfer between the MPU and 
the LCD-II. DB7 can be used as a 
BUSY flag. 
eo ee HD44100H Clock to latch serial data D sent to 
| the driver LSI HD44100H. 
en Output | HD44100H Clock to shift serial data D. 
Output | #D44100H Switch signal to convert liquid crys- 
tal drive waveform to AC. 


Output | HD44100H | Character pattern data corresponding 
to each common signal is serially 
COM, ~ 16 Output | Liquid 
COM erystal 
16 display 


sent. 
"0": Non selection 
SEG] ~ 40 Output | Liquid | 
SEG,¢ crystal | 
V1 ~V5 Power | Power supply for liquid crystal 
supply display drive 


"1": Selection 
display 
ee es GND Pee Vcc; +5V, GND; OV 









Signal to select registers 
"O'"': Instruction register 
(for write) 
Busy flag; address counter 
(for read) 
"1": Data register (for read and 
write) 









Signal to select read (R) and write (W) 




























Lower order 4 lines data bus with 
| bidirectional three-state. Used for 
data transfer between the MPU and the 
LCD-II. These four are not used 
during 4-bit operation. 










































Common signals that are not used are 
charged to non-selection waveforms. 
That is, COMg ~COM,¢ are in non- 
selection waveform at 1/8 duty factor, 
and COM,9 ~COM;¢ are in non-selection 
waveform at 1/11 duty factor. 
























Segment signal 














Pee 
hates Mall Terminals connected to resister or 
OSC9 ceramic filter. for internal clock 
osillation. 
For external clock operation, the 
clock is input to OSC,. 
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HD44780, HD44780A (LCD-II) 


MM FUNCTION OF EACH BLOCK 





(1) Register 


The HD44780 has two 8-bit registers, an instruction register (IR) and a 
data register (DR). 


The IR stores instruction codes such as display clear and cursor shift, 
and address information for display data RAM (DD RAM) and character 
generator RAM (CG RAM). The IR can be written from the MPU but not read 
by the MPU. 


The DR temporarily stores data to be written into the DD RAM or the CG 
RAM and data to be read out from DD RAM or CG RAM. Data written into 
the DR from the MPU is automatically written into the DD RAM or the CG 
RAM by internal operation. The DR is also used for data storage when 
reading data from the DD RAM or the CG RAM. When address information 
is written into the IR, data is read into the DR from the DD RAM or 
the CG RAM by internal operation. Data transfer to the MPU is then 
completed by the MPU reading DR. After the MPU reads the DR, data 

in the DD RAM or CG RAM at the next address is sent to the DR for the 
next read from the MPU. Register selector (RS) signals make their 


selection from these two registers. 


Table 2 Register Selection 


CS) 
o 


IR write as internal operation (Display clear, etc.) 


EF Read busy flag (DB7) and address counter (DBgo ~ DB6) 
es DR write as internal operation (DR to DD or CG RAM) 


DR read as internal operation (DD or CG RAM to DR) 









(2) Busy flag (BF) 


When the busy flag is "1", the HD44780 is in the internal operation mode, 
and the next instruction will not be accepted. As Table 2 shows, the 
busy flag is output to DB7 when RS=0 and R/W=1. The next instruction 


must be written after ensuring that the busy flag is "0". 


(3) Address counter (AC) 


The address counter (AC) assigns addresses to DD and CG RAMs. When an 
instruction for address is written in IR, the address information is 
sent from IR to AC. Selection of either DD or CG RAM is also determined 


concurrent ly by the instruction. 
- @HITACHI 
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HD44780, HD44780A (LCD-II) 


After writing into (or reading from) DD or CG RAM display data, AC is 

automatically incremented by +1 (or decremented by -1). AC contents 

are output to DBog ~DBg when RS=0 and R/W=1, as shown in Table 2. =} =\e4 gle]) 
(4) Display data RAM (DD RAM) | 


The display data RAM (DD RAM) stores display data represented in 8-bit 





character codes. Its capacity is 808 bits, or 80 characters. The 
display data RAM (DD RAM) that is not used for display can be used as 
a general data RAM. Relations between DD RAM addresses and positions 


on the liquid crystal display are shown below. 


The DD RAM address (App) is set in the Address Counter (AC) and is re- 


presented in hexadecimal. 


Upper Order Lower Order 
< > 
Bits Bits 


: 


\._ Hexa- 


decimal ~ ‘~ Hexadecimal —/ 


(Example) DD RAM address "4E" 


pt fofajajatajo. 


1l-line Display (N=0) 


eee Display 
1 Z 8 
(digit) 3 bee Position 


4 5 
wine Poo] poe] eee [or]ee] « ma 


Address 


(a) When the display characters are less than 80, the display begins 
at the head position. For example, 8 characters using 1 HD44780 
are displayed as: 


Display 
° 8 << 
(digit) 1 Position 


2 3 4 5 6 7 
sine [oo] oe] oso] [oer] - mn 
Address 


When the display shift operation is performed, the DD RAM address 


moves aS: 
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(Left 
St alee [sm [ope 


Display) 

(Right 

cee CACC CIS 
Display) 


(b) 16-character display using an HD44780 and an HD44100H is as shown 


below: 


(digit) 12 3 4 5 67 8 9 10111213141516 + Display 
Position 













woe [nfxx>] sof ofall]. ~ nn 
Address 

\—— HD44780 Display——~ “—. HD44100H Display —~ 
When the display shift operation is performed, the DD RAM address 
moves as: 

(Left | ea ae ey 

Mf EP PEP PPP EPPS 

Display 

(Right 

See AIC 

Display) 


(c) The relation between display position and DD RAM address when the 
number of display digits is increased through the use of one 
HD44780 and two or more HD44100H's can be considered an extension 


of (b). Aa 


Since the increase can be 8 digits for each additional HD44100H, 


up to 80 digits can be displayed by externally connecting 9 





HD44100H's. 
(digit)! 23 4 5 6 7 8 9 101112138 14 15 16 17 18 19 20 737475 76777879 80 , Display 
Position 
l-line + DD RAM 
Address 
L__ wp44780 J LL ap44100H(1)_J\ PY te, \_.HD44100H(9)__| 
Diaplay Display Display Display 
2-line Display (N=1) 
ae 7 Display 
1 2 3 4 39 40 + 
adtet® 2 Position 
1-line 2 + DD RAM 
Address 





rie [ofa fee 
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(a) When the number of display characters is less than 40 x 2 lines, 





the 2 lines from the head are displayed. Note that the first line 





end address and the second line start address are not consecutive. SECTION 
For example, when an HD44780 is used, 8 characters X< 2 lines are 
displayed as: 1 
(ey. & 2 SB. -@ 3S © Fey eee 
Position 
1l-line * DD RAM 
Address 
2-line 
(Left 
Shift 
Display) 
(Right 
Shift 
Display) 





(b) 16 characters x 2 lines are displayed when an HD44780 and an 
HD44100H are used. 












(diet) £23 4 9S 6 7 8 G40 14 12 13 14 15 16, = PPOPtAY 
Position 
ne [nf] oo osfnfonfcoxfoow]~ bo a 
Address 
riff fila ele 
—— HD44780 Display ——/ — HD44100H Display —~ 
When display shift is performed, the DD RAM address moves as 
follows: 
ents ffx [ono fio 
Shift 
an [nef sn 
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(c) The relation between display position and DD RAM address when the 
number of display digits is increased by using one HD44780 and two 


| 
or more HD44100H's, can be considered an extension of (b). 


Since the increase can be 8 digits x 2 lines for each additional 
HD44100H, up to 40 digits 2 lines can be displayed by connecting 
4 HD44780's externally. 













(digit)! 2 345678 9 10 11 12 18 14 15 16 17 18 19 20 88 34 85 36 87 88 39 0-Display 
) position 
address 
P : exade- 
2-nine [fo fs so] ool] lef lal oo C9 





| __ HD44780 [\_HD44100H(1)__|\|__- HD44100H _|\_m44100H(4) _| 


Display Display pea Display 
Display 


(5) Character Generator ROM (CG ROM) 
The character generator ROM generates 5 x 7 dot or 5 X 10 dot character 
patterns from 8-bit character codes. It can generate 160 types of 5 x 
7 dot character patterns and 32 types of 5 x 10 dot character patterns. 
Table 3 and 4 show the relation between character codes and character 
patterns in the Hitachi standard HD44780A00. User defined character 


patterns are also available by mask-programming ROM. 


(6) Character Generator RAM (CG RAM) 


The character generator RAM is the RAM with which the user can rewrite 
character patterns by program. With 5 x 7 dots, 8 byptes of character 
patterns can be written and with 5 x 10 dots 4 types can be written. 
Write the character codes in the left columns of Tables 3 and 4 to dis- 


play character patterns stored in CG RAM. 


Table 5 shows the relation between CG RAM addresses and data and display 


patterns. 


As Table 5 shows, an area that is not used for display can be used as a 


general data RAM. 
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Table 3 Correspondence between Character Codes and Character Pattern 
(Hitachi Standard HD44780A00) 


Higher 
bit] 0000 0011/0100 0110 1010 
CG se 
jovi ReTTagtl')  [] [80] Beep 
an = 2 sea 


pone £2] SUD TAP aig PTA cy) cy 
Fey al lll ae =) 
xxxx0011 cin - Ea 
won | SEERA eg CUE Pha 
Se ee ate) 
xxxx0110 
owne [RE La tl lke! | FF 
a 
; ag 
egeen 
; iJ Bae t 
eggs 
ee) CP See 
poo fa fe IY yl one sade) 


| 
XXX) 111 ol PAN clade | i 
' 


* The user can specify any pattern for character-generator ROM. 





SECTION 










1 








































TEEN Lit Waa I= 
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(a) 


Table 4 Relation between CG RAM Addresses and Character Codes (DD RAM) 





Higher 






Order 


(Note). 1: 
2: 
33 
4: 
5:3 
120 


0000 x 0 0 0 


and Character Patterns (CG RAM Data) 


For 5 x7 dot character patterns 
Character Codes CG RAM Character Patterns 
| toawonees” | | aavess || Meccan bate) 
6 5 4 8 2 1 0 6 5 4 8 2 
Lower Ld Higher “Lower yo. at her Lover 
~ Bit Qrder-» — Bee Bits. Bits. tea 


















Character 
Pattern 
Example (1) 





Cursor 
+ Position 


~~ HK OO OC & O&O 
~ Oorf-oceror soe 





Character 
Pattern 
Example (2) 


=—- — -—- == © Oo C CO 






~ == COCO & CO © 





- oOo Kf Oo ~~ OS YY & 


*No effect 


Character code bits 0 ~ 2 correspond to CG RAM address bits 3 ~ 5 
(3 bits: 8 types). 


CG RAM address bits 0 ~ 2 designate character pattern line posi- 
tion. The 8th line is the cursor position and display is performed 
in logical OR by the cursor. 


Maintain the 8th line data, corresponding to the cursor display 
position, in the "0"' state for cursor display. When the 8th line 
data is "1", bit 1 lights up regardless of cursor existence. 


Character pattern row positions correspond to CG RAM data bits 
O ~ 4, as shown in the figure (bit 4 being at the left end). 
Since CG RAM data bits 5 ~ 7 are not used for display, they can 
be used for the general data RAM. 


As shown in Table 3 and 4, CG RAM character patterns are selected 
when character code bits 4 ~ 7 are all "0". However, since char- 
acter code bit 3 is a ineffective bit,the "R" display in the 
character pattern example, is selected by character code "00" 
(hexadecimal) or "08" (hexadecimal). 


"1" for CG RAM data corresponds to selection for display and "0" 
for non-selection. 
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(b) For 5 x10 dot character patterns 


Character Codes CG RAM Character Patterns 
(DD RAM Data) Address (CG RAM Data) 
1 0O 














765 48 2 1 «0 5 4 8 2 765 4 8 21 ~°0 Sy oh ON WTO) \\) 
gigner ewer ae re 3 aa heres | 
Bits Bits Bits Bits “Bits Bits 

000 0 KK K10 0 0 0 0 

0001 

001 0 oe) 

0011 24/0 084 Character 

0 1 0 0 yy 4 Pattern 
0000%x* 00 x '0 101 -F|0 0 O} 8] Example 

011 0 At? 

9111 a 

1000 Fa 

100 1 re Cursor 
| 101 0 0 < Position 

‘ *No Effect 


(Note) 1: Character code bits 1, 2 correspond to CG RAM address bits 4, 5 
(2 bits: 4 types). 


2: CG RAM address bits 0 ~ 3 designate character pattern line posi- 
tion. The llth line is the cursor position and display is per- 
formed in logical OR with cursor. 


Maintain the llth line data corresponding to the cursor display 
position in the "0" state for cursor display. When the 11th 
line data is "1", bit 1 lights up regardless of cursor existence. 
Since the 12th ~ 16th lines are not used for display, they can 
be used for the general data RAM. 


3: Character pattern row positions are the same as 5 x 7 dot character 
pattern positions. 


4: CG RAM character patterns are selected when character code bits 

4 7 are all "0". However, since character code bit O and 3 are 
ineffective bits, "P'" display in the character pattern example 

is selected by character code "00", "01", "08" and "09" (hexa- 
decimal). 


Ne 


5: "1" for CG RAM data corresponds to selection for display and ''0" 
for non-selection. 
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/ 

(7) Timing Generation Circuit 
The timing generation circuit generates timing signals to operate internal 
circuits such as DD RAM, CG ROM and CG RAM. RAM read timing needed for 
display and internal operation timing by MPU access are separately gen- 
erated so they do not interfere with each other. Therefore, when writing 
data to the DD RAM, for example, there will be no undersirable influence, 
“such as flickering, in areas other than the display area. This circuit 
also generates timing signals to operate the externally connected driver 


LSI HD44100H. 


(8) Liquid Crystal Display Driver Circuit 


The liquid crystal display driver circuit consists of 16 common signal 
drivers and 40 segment signal drivers. When character font and number 
of lines are selected by a program, the required common signal drivers 
automatically output drive waveforms, the other common signal drivers 


continue to output non-selection waveforms. 


The segment signal driver has essentially the same configuration as the 
driver LSI HD44100H. Character pattern data is sent serially through a 
40-bit shift register and latched when all needed data has arrived. The 


latched data controls the driver for generating drive waveform outputs. 


The serial data is sent to the HD44100H, externally connected in cascade, 


used for display digit number extension. 


Send of serial data always starts at the display data character pattern 
corresponding to the last address of the display data RAM (DD RAM). 

Since serial data is latched when the display data character pattern, 
corresponding to the starting address, enters the internal shift register, 
the HD44780 drives the head display. The rest displays, corresponding to 
latter addresses, are added with each additional HD44100H. 


(9) Cursor/Blink Control Circuit 


This is the circuit that generates the cursor or blink. The cursor or 
the blink appear in the digit residing at the display data RAM (DD RAM) 


address set in the address counter (AC). 


When the address counter is (08) 6, a cursor position is: 
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AC6 AC5 AC4 AC3 AC2 AC1 ACO 


xc Lofolo}:jojelo 


In a l-line display 






Display 
(digit) 1 2 3 4 5 6 7 8 9 10 11 * Position 
PPP Pel Toll) -me 
Address 
(Hexadecimal) 
the cursor position 
In a 2-line display 
Display 
(digit) 1 2 3 4 5 6 7 8 9 10 11 + Position 
lst ine ere nial 
Address 
ond line (Hexadecimal) 
\ 





the cursor position 


(Note) The cursor or blink appears when the address counter (AC) 
selects the character generator RAM (CG RAM). But the cursor 
and blink are meaningless. 


The cursor or blink is displayed in the meaningless position 
when AC is the CG RAM address. 


WM INTERFACING TO MPU 


In the HD44780, data can be sent in either 4-bit 2-operation or 8-bit l-opera- 


tion so it can interace to both 4 and 8 bit MPU's. 


(1) 


When interface data is 4-bits long, data is transferred using only 4 
buses: DB, ~DB7. DBo ~DB3 are not used. Data transfer between the 
HD44780 and the MPU completes when 4-bit data is transferred twice. 
Data of the higher order 4 bits (contents of DB4 ~DB7 when interface 
data is 8 bits long) is transferred first, then the lower order 4 bits 


(content of DBo ~ DB3 when interface data is 8 bits long) is transferred. 


Check the busy flag after 4-bit data has been transferred twice (one 
instruction). A 4-bit 2-operation will then transfer the busy flag and 


address counter data. 
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Instruction (IR) Busy Falg (BF) and Data Register (DR) 
Write Address Counter (AC) Read 
Read 


Fig. 4 4-bit Data Transfer Example 


(2) When interface data is 8 bits long, data is transferred using the 8 data 


buses of DBo ~ DB7. 


MM RESET FUNCTION 


@ Initializing by Internal Reset Circuit 


The HD44780 automatically initializes (resets) when power is turned on 
using the internal reset circuit. The following instructions are executed 
in initialization. The busy flag (BF) is kept in busy state until initi- 
alization ends. (BF=1) The busy state is 10 ms after Vcc rises to 4.5V. 


(1) Display clear 
(2) Function ser .........62-+5+. DL=l : 8 bit long interface data 
N =O : l-line display 
F =O : 5X7 dot character font 
(3) Display ON/OFF control ...... D =0 : Display OFF 


C =O : Cursor OFF 
B =O : Blink OFF 


\ 


(4) Entry mode set .........2+.2+- I/D=l: +1 (increment) 
S =0 : No shift 


(Note) When conditions in "Power Supply Conditions Using Internal Reset 
Circuit" are not met, the internal reset circuit with not operate 
normally and initialization will not be performed. In this case 


initialize by MPU according to "Initializing by Instruction". 
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@ Initializing by Instruction 





If the power supply conditions for correctly operating the internal reset 


SECTION 


circuit are not met, initialization by instruction is required. 
Use the following procedure for initialization. 1 | 


(1) When interface is 8 bits long; 





Power ON 


Wait more than 15 ms 
after Vcc rises to 4.5V. 


RS Rg, DBr DBs DBs DB, DBs DB: DB: DBo | BF cannot be checked before this instruction. 


000 011* * * * 


Wait more than 4.1 ms. 


RS Bg, Br DBs DBs DBs DBs DB2 DB: [Bo | BF cannot be checked before this instruction. 


00 0 0 1 1 * * * * Function set (Interface is 8 bits long.) 


Wait for more than 100us. 


Function set (Interface is 8 bits long.) 





RS 34/DB; DBs DB; DB, DBs DB, DB, DE, 
00002 21 * * * * 


| BF cannot be checked before this instruction. 


Function set (Interface is 8 bits long.) 





BF can be checked after the following instruc 
tions. When BF is not checked, the waiting 


time between instructions is longer than the 
execution instruction time. (See Table 4-1) 





Function Set (Interface is 8 bits long. 
Specifiy the number of display lines and 
character font.) 

The number of display lines and character font 
cannot be changed afterwards. 


Display OFF 
Display ON 


Initialization ends. 


Entry Mode Set 
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(2) When interface is 4 bits long; 
Power ON 


Wait more than 15 ms 
after Vcc rises to 4.5V. 


RS 34, DB, DB DBs IB, | BF cannot be checked before this instruction. 


Ae Function set (Interface is 8 bits long.) 


Wait more than 4.1 ms. 


RS 84 DB, DBs DBs DB, BF cannot be checked before this instruction. 


00001 1 Function set (Interface is 8 bits long.) 


Wait for more than 100us. 


RS Bg, DB, DB DBs DBy | BF cannot be checked before this instruction. 


900011 Function set (Interface is 8 bits length.) 


BF can be checked after the following instruc- 
tions. When BF is not checked, the waiting 
time between instructions is longer than the 
execution instruction time. (See Table 4-1) 


Function Set (Set interface to be 4 bits long.) 
Interface is 8 bits length. 






RS R¢,DB7 DBs DBs DB, 
1 0 





o 

eo O10 ofe ojo 

oC C10 of|lfmw o]/2% o}]0 

- e1o o10 of 3% of o 
ols eo|fo of * & 
A ole ofc of* So 


Function Set (Interface is 4 bits long. Specify 
the number of display lines and character font.) 
The number of display lines and character font 
cannot be changed afterwards. 


o e;o So 


o;fo © 


f—] 
o © 
o 


Display OFF 
Display ON 
Entry Mode Set 


Initialization ends. 
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B® INSTRUCTION 


@ Outline vo} oof ON BO] \\ 
Only two HD44780 registers, the Instruction Register (IR) and the Data 
Register (DR) can be directly controlled by the MPU. Prior to internal 


operation start, control information is temporarily stored in these reg- 





isters, to allow interface from HD44780 internal operation to various types 
of MPUs which operate in different speeds or to allow interface to peri- 
pheral control ICs. HD44780 internal operation is determined by signals 
sent from the MPU. These signals include register selection signals (RS), 
read/write signals (R/W) and data bus signals (DBg ~DB7), amd are called 
instructions, here. Table 5 shows the instructions and their execution 


time. Details are explained in subsequent sections. 

Instructions are of 4 types, those that, 

(1) Designate HD44780 functions such as display format, data length, etc. 
(2) Give internal RAM addresses. 

(3) Perform data transfer with internal RAM 

(4) Others 


In normal use, category (3) instructions are used most frequently. However, 
automatic incrementing by +1 (or decrementing by -1) of HD44780 internal 
RAM addresses after each data write lessens the MPU program load. The dis- 
play shift is especially able to perform concurrently with display data 
write, enabling the user to develop systems in minimum time with maximum 
programing efficiency. For an explanation of the shift function in its 


relation to display, see Table 7. 


When an instruction is executing during internal operation, no instruction 
other than the busy flag/address read instruction will be executed. 
Because the busy flag is set to "1" while an instruction is being executed, 


check to make sure it is on "1" before sending an instruction from the MPU. 
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(Note) 1. 


Make sure the HD44780 is not in the busy state (BF=0) before send- 
ing the instruction from the MPU to the HD44780. If the instruc- 
tion is sent without checking the busy flag, the time between 
first and next instructions is much longer than the instruction 


time. See Table 5 for a list of each instruction execution time. 


After execution of a CG RAM/DD RAM data write or read instruction, the 
RAM address counter is increased or decreased by 1. The RAM address 
counter is updated after the busy flag turns off. Suppose that the 


time elapses after the busy flag turns off until the address counter is 


updated is tapp.- 






Busy signal Busy state 
(DB7 pin) 


Address counter | A+1 
(DBO to DBg pins) ‘ 


CADD 


tapp depends on the operation frequency. 


tapp(sec) = 1.5/fop or fose 
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Table 5 Instructions 


Execution time 
(max) 


Code 


Instruction R/W|DB7 |DBg |DBs | DBy }DB3] DB> |DB, | DBp ice a (when fcp or 
fosc is 250kHz) 
efefefefefetefeye it hia 
1 


DD RAM address O in address 
counter. 

pom fos |ofofo]o lef 

Entry 

era. [> + }> fo foo] sf ) 


Sets DD RAM address O in adress 
counter. Also returns display 
being shifted to original 
ele fe fede ff fee 

Display 1L |S/C{R/L 

Shift 
Function 
Set 















position. DD RAM contents 
remain unchanged. 






Sets cursor move direction and 
specifies shift of display. 

These operations are performed 
during data write and read. 


Sets ON/OFF of entire display 
(D), cursor ON/OFF (C), and 
blink of cursor position | 
character (B). 


























Moves cursor and shifts display 
without changing DD RAM 
contents. 


Cursor or 



















Sets interface data length (DL) 
number of display lines (L) 
and character font (F). 


| 


oO 























Sets CG RAM address. CG RAM 
data is sent and received 40us 
after this setting. 
Sets DD RAM address. DD RAM 
Set DD RAM 
eee ADD data is sent and received after 40us 
this setting. 
Reads Busy flag (BF) indicating 
internal operation is being Ous 





performed and reads address 
counter contents. 


Read 

Busy Flag 1 | BF AC 
& Address 

Write Data 

to CG or l Write Data 

DD RAM 

Read Data 

from CG or Read Data 

DD RAM 


I/D=l1 : Increment 

1/D=0 ; : Decrement 

S =l : Accompanies display shift. 
S/C=1 : Display shift 

$/c=0 : Cursor move 













Writes data into DD RAM or 
CG RAM. 







40uUs 










Reads data from DD RAM or 





40us 
tapp™6ns (Note 2) 


— 





































: Display data RAM . Execution time 
CG RAM : Character generator RAM/| changes when 
ACC : CG RAM address frequency changes. 
App : DD RAM address. (Example) 
Corresponds to cursor 
When fcp or fosc 
















R/L=1 : Shift to the right. address. is 270kHz: 
R/L=0 : Shifts to the left. AC : Address counter used 

DL =1 : 8 bits, DL=0:4 bits. for both DD and CG RAM 40Us x 220 =<37ue 
N =l1 : 2 lines, N=0:1 line address. 270 


F =l1 : 5x10 dots, F=0 :5x7 dots 
: Internally operating 
: Can accept instruction 







* No Effect 
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Description of Details 


(1) 





(2) 


(3) 


130 


Clear Display 


RS R/W DB7 DBO 


ee [olefofo] oP] pe fols 


Writes space code "20" (hexadecimal) (character pattern for character 





code "20" must be blank pattern) into all DD RAM addresses. Sets DD 
RAM address 0 in address counter. Returns display to its original 
status if it was shifted. In other words, the display disappears and 
the cursor or blink go to the left edge of the dispaly (the first 
line if 2 lines are displayed). Set I/D=1 (Increment Mode) of Entry 
Mode. S of Entry Mode doesn't change. 


Return Home 


RS R/W DBZ DBQ 


code [ofo|ojojojojofolo}*] yu 
* Don't care 


Sets the DD RAM address 0 in address counter. Returns display to its 





original status if it was shifted. DD RAM contents do not change. 
The cursor or blink go to the left edge of the display (the first 


line if 2 lines are displayed). 


Entry Mode Set 





RS R/W DB7 DBO 


code [a] of of of of of of of zl s 


I/D: Increments (I/D=1) or decrements (I/D=0) the DD RAM address by 1 
when a character code is written into or read from the DD RAM. 
The cursor or blink moves to the right when incremented by 1 and 
to the left when decremented by 1. The same applies to writing 
and reading of CG RAM. 


S : Shifts the entire display either to the right or to the left 
when S is 1; to the left when I/D=1 and to the right when I/D=0. 
Thus it looks as if the cursor stands still and the display moves. 
The display does not shift when reading from the DD RAM when 
writing into or reading out from the CG RAM does it shift when 
S=0. 
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(4) Display ON/OFF Control 





RS R/W DB DB6 
: SECTION 
So CACHES 
D: The display is ON when D=1 and OFF when D=0. When off due to | 1 





D=0, display data remains in the DD RAM. It can be displayed 
immediately by setting D=1. 


C : The cursor displays when C=1 and does not display when C=0. 
Even if the cursor disappears, the function of I/D, etc. does 
not change during display data write. The cursor is displayed 
using 5 dots in the 8th line when the 5 X 7 dot character font 
is selected and 5 dots in the llth line when the 5 x 10 dot 


character font is selected. 


B : The character indicated by the cursor blinks when B=1l. The 
blink is displayed by switching between all blank dots and 
display characters at 409.6ms interval when fcp or fosc=250kHz. 
The cursor and the blink can be set to display simultaneously. 
(The blink seeveer ct changes according to the reciprocal of fcp 


or fosc.. 409.6 x 70 7 379.2ms when fcp=270kHz.) 


ep 85 


Cursor 
5x7 dot character 5X10 dot character Alternating display 
font font 


(a) Cursor Display Example (b) Blink Display Example 


(5) Cursor or Display Shift 





RS R/W DB7 DBg 


cose [0 fo [ojolo }a jsvelel* 1 * | s sonte care 


Shifts cursor position or display to the right or left without writing 
or reading display data. This function is used to correct or search 
for the display. In a 2~line display, the cursor moves to the 2nd 
line when it passes the 40th digit of the lst line. Notice that the 
lst and 2nd line displays will shift at the same time. When the dis- 
played data is shifted repeatedly each line only moves horizontally. 
The 2nd line display does not shift into the lst line postion. 
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S/C R/L 
0 0 Shifts the cursor position to the left. 
(AC is decremented by one.) 
0 1 Shifts the cursor position to the right. 
(AC is incremented by one.) 
1 0 Shifts the entire display to the left. The cursor 
| follows the display shift. 
1 1 Shifts the entire display to the right. The cursor 


follows the display shift. 


Address counter (AC) contents do not change if the only action per- 


formed is shift display. 


(6) Function Set | 


RS R/W DB7 DBO 


coge | 0} of of of x] mw] F] +] + | 


DL : Sets interface data length. Data is sent or received in 8 bit 





lengths (DB7 ~DBg) when DL=1 and in 4 bit lengths (DB7 ~ DB4) 
when DL=0. 


When the 4 bit length is selected, data must be sent or received 


twice. 
N : Sets number of display lines. 


F ; Sets character font. 








(Note) Perform the function at the head of the program before 
executing all instructions (except "Busy flag/address 
read"). From this point, the function set instruction 
cannot be executed unless the interface data length is 


changed. 
 Remmrks 
Cannot display 2 lines with 
5 x10 dot character font. 


NF No. of Character | Duty 
display lines | font factor 
poof tS 7 dots | 1/8 


* (Don't care) 
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(7) Set CG RAM Address 





RS R/W DB7 


DBg 


SECTION 


Code 





Higher Lower i | 1 
Order Bits Order Bits 





Sets the CG RAM address into the address counter in binary AAAAAA. 
Data is then written or read from the MPU for the CG RAM. 


(8) Set DD RAM Address 


RS R/W DB7 








Higher Lower 
Order Bits Order Bits 


Sets the DD RAM address into the address counter in binary AAAAAAA. 

Data is then written or read from the MPU for the DD RAM. 

However, when N=0 (l-line display), AAAAAAA is "00" ~"4F" (hexadecimal). 
when N=1 (2-line display), AAAAAAA is "00" ~"27" (hexadecimal) 
for the first line, and "40"~"67" (hexadecimal) for the 


second line. 


(9) Read Busy Flag and Address 


RS R/W DB7 


DBO 





Code 





Higher Lower 
Order Bits Order Bits 


Reads the busy flag (BF) that indicates the system is now internally 
operating by a previously received instruction. BF=1 indicates that 
internal operation is in progress. The next instruction will not be 
accepted until BF is set to "0". Check the BF status before the 


next wire operation. 


At the same time, the value of the address counter expressed in binary 
AAAAAAA is read out. The address counter is used by both CG and DD 
RAM addresses, and its value is determined by the previous instruction. 


Address contents are the same as in Items (7) and (8). 
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(10) Write Data to CG or DD RAM 


(11) 


134 


RS R/W DH7 


code FREI CUTEEECUEOEITAES 


Higher Lower 
Order Bits Order Bits 


Writes binary 8 bit data DDDDDDDD to the CG or the DD RAM. 


Whether the CG or DD RAM is to be written into is determined by the 
previous specification of CG RAM or DD RAM address setting. After 

write, the address is automatically incremented or decremented by 1 
according to entry mode. The entry mode also determines display 


shift. 
Read Data from CG or DD RAM 
RS R/W DB7 DBo 


cool Ee oe ee Oe 


Higher Lower 
Order Bits Order Bits 


Reads binary 8 bit data DDDDDDDD from the CG or DD RAM. 


The previous designation determines whether the CG or DD RAM is to be 


read. Before entering the read instruction ou must execute either 





the CG RAM or DD RAM address set instruction. If you don't, the 





first read data will be invalidated. When serially executing the 





"read" instruction, the next address data is normally read from the 





second read. The "address set" instruction need not be executed just 


before the "read" instruction when shifting the cursor by cursor 
shift instruction (when reading out DD RAM). The cursor shift in 
struction operation is the same as that of the DD RAM's address set 


instruction. 


After a read, the entry mode automatically increases or decreases the 
address by 1. However, display shift is not executed no matter what 


the entry mode is. 


(Note) The address counter (AC) is automatically incremented or 
decremented by 1 after "write" instructions to either CG RAM 
16% DD RAM. RAM data selected by the AC cannot then be read 
out even if "read" instructions are executed. The conditions 


for correct data read out are: execute either the address set 
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instruction or cursor shift instruction (only with DD RAM), 


just before reading out execute the "read" instruction from 


the second time the "read" instruction is serial. ho) =i Om LO) \\) | 


M HOW TO USE THE HD44780 | 





@ Interface to MPU 


(1) Interface to 8-bit MPU 
RS 





Internal Internal Operation 


pe, ZX date WL wan CL wa, Ls BX Dass WLLL 


Instruction 
Write 


Busy Flag 
Check 


Busy Flag 
Check 


Instruction 
Write 


Busy Flag. 
Check 














Fig. 5 Example of Busy Flag Check Timing Sequence 


@) When connecting to 8-bit MPU through PIA 


Fig. 6-2 is an example of using a PIA or I/O port (for single chip 
microcomputer) as an interface device. Input and output of the 


device is TTL compatible. 


In the example, PBg to PB7 are connected to the data buses DBQ to 
DB7 and PAO to PA2 are connected to E, R/W and RS respectively. 


Pay attention to the timing relation between E and other signals 


when reading or writing data and using PIA as an interface. 









COM, ~ 






COM,. Connected 
to Liquid 
HD68B00 HD44780 Crystal 
SEG, ae Display 
HD68B21 SEG ,o 











PBo~ PB? 
Do~ Dy 


HD68B00: 8 bit CPU 


Fig. 6 Example of Interface to HD68B00 Using PIA (HD68B21) 
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Q) Connecting directly to the 8-bit MPU bus line 











COM, 
E ~COMi6 













































HD44780 Connected 
HD6800 to LCD. 
SEG, 
~S EGgo 
@) Example of interfacing to the HD6805 
eevee Connected 
HD6805 to LCD. 
SEG, 
~S EGeo 
(@ Example of interfacing to the HD6301 
RS COM, 
R/W ~COMi6 
E 
Teer Connected 
HD6301 to LCD. 
DBo~DB7 
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(2) Interface to 4-bit MPU 





The HD44780 can be connected to a 4-bit MPU through the 4-bit MPU I/0 


SECTION 


port. If the I/O port has enough bits, data can be transferred in 
8-bit lengths, but if the bits are insufficient, the transfer is made 
in two operations of 4 bits each (with designation of interface data 


length for 4 bits). In the latter case, the timing sequence becomes 





somewhat complex. (See Fig. 7) 
Fig. 8 shows an example of interface to the HMCS43C. 


Note that 2 cycles are needed for the busy flag check as well as the 


data transfer. 4-bit operation is selected by program. 


Se cee Ni eencananes 
Sy on on Ce on © on on on 0 


Internal —___fintenal Ls 


peration 


pp, ZUKRIX TRG XZ wn AOS ZA Busy [ROSY DB? KD WL 


Instruction; Busy Flag Busy Flag j|Instruction 
Write Check | Check Write 








(Note) IR7, IR3: Instruction 7th bit, 3rd bit 
AC3 : Address Counter 3rd bit 


Fig. 7 An Example of 4-bit Data Transfer Timing Sequence 


Connected 
to Liquid 
Crystal 
Display 





SEG,~ 
SEG,, 





DB4~DB7 





HMCS43C: Hitachi 4-bit single-chip microcomputer 


v 


Fig. 8 Example of Interface to the HMCS43C 
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Interface to Liquid Crystal Display 
(1) Character Font and Number of Lines 


The HD44780 can perform 2 types of display, 5 x7 dots and 5x10 dots 


as character font, with a cursor on each. 


Up to 2 lines are displayed with 5 x7 dots and 1 line with 5 x10 dots. 


Therefore, three types of common signals are available: 


| Number of Number of Duty 
[a |Ss7 docs + cursor] | ae 


Number of lines and font types can be selected by program. 











(See to Table 5 Instruction) 
(2) Connection to HD44780 and Liquid Crystal Display 


Fig. 9 (1) and (2) show connection examples. 


mm oe ee ee Liquid Crystal 

Display Panel 
(8 characters 
x 1 lines) 


(a) Example of a 5X7 dot, 8 character x 1 line Display 
(1/4 Bias, 1/8 Duty) 


Liquid Crystal 
Display Panel 
(8 characters 
xX 1 line) 


(b) Example of a 5x10 dot, 8 character x 1 line Display 
(1/4 Bias, 1/8 Duty) 


Fig. 9 (1) Liquid Crystal Display and Connections to HD44780 
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FUVFFR 





SECTION 














I 


GP @ fi dOnt Gees 4B) das 


| 










HD44780 fo eee 


Liquid Crystal 

Display Panel 
(8 characters 
x 2 lines) 


SEG, 





(c) Example of 5*7 dot, 8 character X 2 lines Display 
(1/5 Bias, 1/16 Duty) 


Fig. 9 (2) Liquid Crystal Display and Connection to HD44780 


Since 5 signal lines at the SEG can display one digit, one HD44780 can 
display up to 8 digits for l-line display and 16 digits for ?-line 
display. 


In Fig. 9 examples (a) and (b), there are unused common signal termi- 
nals, non-selection waveforms which always output. When the liquid 
crystal display panel has unused extra scanning lines, avoid unde- 
sirable influences due to cross-talk in the floating state by con- 


necting the extra scanning lines to these common signal terminals. 









SE RED TS FSR 
ME DIBGEegeG 


ee ee ee ane eran ome oe 9? ae ere, 


5 *7 dot, 8 character X 1 line Display (1/4 Bias, 1/8 Duty) 


Fig. 10 Using COMg to Avoid Cross-talk on Unneeded Scanning Line 
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(3) Connection of Changed Matrix Layout 


In the preceding examples, the number of lines was matched to the 
number of scanning lines. The following display types are possible 


by changing the matrix layout in the liquid crystal display panel. 


Gah aotaad 
mae <sap 
Tt tetity 
| pbb ose| 


[ 





(a) 5 x7 dot, 16 character x 1 line Display 
(1/5 Bias, 1/16 Duty) 





(b) 5X7 dot, 4 character X< 2 line Display 
(1/4 Bias, 1/8 Duty) 


Fig. 11 Changed Matrix Layout Displays 


In either case, the only change is the layout. Display characteri- 
stics and the number of liquid crystal display characters are depend- 
ent on the number of common signals (or duty factor). Note that the 
display data RAM (DD RAM) addresses for 8 characters x 2 lines and 


16 characters x 1 line are the same as shown in Fig. 9. 
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@ Power Supply for Liquid Crystal Display Drive 


Various voltage levels must be applied to HD44780 terminals V] to V5 to 
SECTION 

obtain liquid crystal display drive waveforms. The voltages must be 

changed according to duty factor. Table 6 shows the relation. 1 


Table 6 Duty Factor and Power Supply for Liquid Crystal Display Drive 


a 

Y 
ee 
ee ee ee 










Vien 
VLcD gives the peak values for liquid crystal display drive waveforms. 


Resistance dividing provides each voltage as shown in Fig. 13. 


Vec (4+5V) Vee (+5V) 





R R 
R R 
Vic s VED 
R R 
R R 
VR VR 
-5V V 
(a) 1/4 Bias (b) 1/5 Bias 
(1/8, 1/11 Duty) (1/16 Duty) 


Fig. 13 Drive Voltage Supply Example 
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@ Relation between Oscillation Frequency and Liquid Crystal Display Frame 
Frequency 


The following examples of liquid crystal display frame frequency apply 
only when oscillation frequency is 250kHz. (1 clock = 4s) 


(1) 1/8 Duty 


400 clock 
pep pee pee dd 
Vee 
COM, Vi 
V2 (Vs ) 
Ve 
Vs 


See frame aeeaeey 


1 frame = 4 (us) x 400 x 8 = 12800 (us) = 12.8 (ms) 


1 


12.8 (ms) = 78.1 (Hz) 


Frame frequency = 


(2) 1/11 Duty 
Lf. 400 clock 


rx | 2 3 Oe 11 | 1 2 
; pe Pe feneeeefan | a | | 
COM, Vi 
V2(Vs ) 
Ve 
Vs 


es evans ——— 
1 frame = 4 (us) x 400 x 11 = 17600 (us) = 17.6 (ms) 


Frame frequency - 7 Wey 56.8 (Hz) 


(3) 1/16 Duty 


y7— 200 clock 





12800 (us) = 12.8 (ms) 


1 frame = 4 (Us) x 200 x 16 


1 
Frame frequency = 12.8 (ms) = 78.1 (Hz) 
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@ Connection with Driver LSI HD44100H 


You can increase the number of display digits by externally connecting a 


liquid crystal display driver LSI HD44100H to the HD44780. SECTION 


When connected to the HD44780, the HD44100H is used as segment signal ] 
driver. The HD44100H can be connected to the HD44780 directly since it 
supplies CL), CL2, M and D signals and power for liquid crystal display 





drive. Fig. 14 shows a connection example. 


Caution: Connection of voltage supply terminals Vj through Vg for liquid 


crystal display drive is complicated. 


Up to 9 units of the HD44100H can be connected for l-line display (duty 
factor 1/8 or 1/11) and up to 4 units for the 2-line display (duty factor 
1/16). RAM size limits the HD44780 to a maximum of 80 character display 
digits. The connection method in Fig. 14 remains unchanged for both 


1-line and 2-line display or both 5 <7 and 5 x10 dot character fonts. 
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COM,~COM,, 
( COM: ~COMa) 


Dot Matrix Liquid Crystal Display Panel 





SEG, ~SEG,, 


HD 44100 H HD 44100 H 





SHL2 
~ -4 ~ A 
de Bhsnses: TIM co S88 ssasss 
aS ae) 21 Wm = 
ee 
SS CN O00 a 0 
(Se (eee? 1) ) | es eee | i a are ; 
ees Fae | 
SeenON | 3 i edeescnien ae 
ee | 


Fig. 14 Example of Connecting HD44100H to HD44780 


HD44780 


(II-GO'l) VO8LPPCH ‘08L>>CH 
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@ Instruction and Display Correspondence 


(1) .8-bit operation, 8-digit < 1-line display (using internal reset) 


ax) =100 8 (6) 


Table 7 shows an example of 8-bit xX 1-line display in 8—bit operation. 


The HD44780 functions must be set by Function Set prior to display. 1 


Since the display data RAM can store data for 80 characters, as ex- 





plained before, the RAM can be used for displays like the lightening 


board when combined with display shift operation. 


Since the display shift operation changes display position only and 
DD RAM contents remain unchanged, display data entered first can be 


output when the return home operation is performed. 


(2) 4-bit operation, 8-digit x 1-line display (using internal reset) 


The program must set functions prior to 4-bit operation. Table 8 
shows an example. When power is turned on, 8-bit operation is auto- 
matically selected and the first write is performed as an 8-bit 
operation. Since nothing is connected to DBg ~DB3, a rewrite is then 
required. However, since one operation is completed in two accesses 


of 4-bit operation, a rewrite is needed as a function (see Table 8). 


Thus, DBy, ~DB7 of the function set is written twice. 


(3) 8-bit operation, 8-digit x 2-line display 


For 2-line display, the cursor automatically moves from the first to 
the second line after the 40th digit of the lst line has been written. 
Thus, if there are only 8 characters in the first line, the DD RAM 
address must again be set after the 8th character is completed. 

(See Table 9) Note that the first and second lines of the display 
shift are performed. In the example, the display shift is performed 
when the cursor is on the second line. However, if shift operation 
is performed when the cursor is on the first line, both the first and 
second lines move together. When you repeat the shift, the display 
of the second line will not move to the first line, the same display 


will only move within each line many times. 


(Note) When using the internal reset, the conditions in "Power 
Supply Condition Using Internal Reset Circuit" must be 
satisfied. If not, the HD44780 must be initialized by 


instruction. (See "Initializing by Instruction") 


© HITACHI 
Hitachi America Ltd. ¢ Hitachi Plaza ¢ 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 © (415) 589-8300 145 


HD44780, HD44780A (LCD-II) 


Table 7 8-bit Operation, 8-digit 1-line Display Example(Using Internal Reset) 


eS 


Power supply ON (HD44780 


Initialized. No display 


1 | is initialized by the 
appears. 


/internal reset circuit) 














Sets to 8-bit operation 


and selects l-line display 
lines and character font. 
(Number of display lines 
and character fonts cannot 
be changed hereafter.) 


Turns on display and cur- 
sor. Entire display is 
in space mode because of 
initialization. 


Function Set 
RS R/W DB7 ————______— DBn 


000031100 # 





Display ON/OFF Control 
00000011 21 +0 


Sets mode to increment the 
address by one and to 
shift the cursor to the 
right at the time of write 
to the DD/CG RAM. 

Display is not shifted. 


Entry Mode Set 
0000000141 0 


Write "H''. The DD RAM has 
already been selected by 
initialization when the 
power is turned on. 

The cursor is incremented 
by one and shifted to the 
right. 


Write Data to CG RAM/DD RAM np 


a to CG RAM/DD RAM HITACHI wo 


Sets mode for display 
shift at the time of 


Write Data to CG RAM/DD RAM 


1003100310 0 0 





Write Dat 
1 0 0O 


Entry Mode Set 


000000 0i1ii1iéid421 HITACHI 


write. 





Write Data to CG RAM/DD RAM " T] 
100010 0 00 0 ITACHI Writes “Space”. 
Write Data to CG RAN/DD RAM ; Fas 
i oO 6 i oo 101 TACHI M_ Writes "M", 


a 
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Write Data to CG RAM/DD RAM 
10031410 0i%4i41id21éiC24 


SECTION | 





Cursor or Display Shift 


Shifts only the cursor 
0000 0100 * 


position to the left. 







1 











Writes "C'" (correction). 
The display moves to the 
left. 


Cursor or Display Shift Shifts the display and 
17 00000111 %* ** QO cursor position to the 
right. 


Cursor or Display Shift MICROCO, Shifts display and cursor 
0 0 00 01 0 1 position to the right. 
Write Data to CG ce DD RAM Mt 






Write Data to CG RAM/DD RAM 
0 1 





















Returns both display and 
HITACHI cursor to the original 
position (Address 0). 





Return Home 
0 0 0 0 0 0 0 0 1 =0 
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Table 8 4-bit Operation, 8-digit ]-line Display Example 
(Using Internal Reset) 


Power supply ON (HD44780 
is initialized by the 
internal reset circuit) 


E 
: Function Set 
2 




















Initialized. No display 
appears. 


Sets to 4-bit operation. 
In this case, operation is 
handled as 8 bits by ini- 
tialization, and only this 
instruction completes with 
one write. 


Sets 4-bit operation and 
selects l-line display and 
5x7 dot character font. 
4-bit operation starts 
from this point on and 
resetting is needed. 
(Number of display lines 
and character fonts cannot 
be changed hereafter.) 
= 







RS R/W DB7 ~~ DB, 
00001 0 


Function Set 
0 00 0 1 0 
0 00 0 %* 


4 


3 
: 


















Turns on display and cur- 
sor. Entire display is in 
space mode because of ini- 
tialization. 


Sets mode to increment the 
address by one and to 
shift the cursor to the 
right, at the time of 
write, to the DD/CG RAM. 
Display is not shifted. 


Entry Mode Set 
0 0 0 0 0 0 





Writes "H",. 
The cursor is incremented 
by one and shifts to the 
right. 


Hereafter, control is the same as 8-bit operation. | 
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Table 9 8 bit Operation, 8-digit x 2 line Display Example 
(Using Internal Reset) 


Power supply ON (HD44780 
is intialized by the 


internal reset circuit) 


Initialized. No display 
appears. 


Function Set 
RS R/W DB7 
0 0 0 01311 0 8 


Sets to 8-bit operation 
and selects 2-line display 
and 5X7 dot character font. 


Turns on display and cur- 
sor. All display is in 
space mode because of 
initialization. 


Display ON/OFF Control 
0 0 00 0 011 1 +0 


Sets mode to increment the 
address by one and to 
shift the cursor to the 
right, at the time of 
write, to the DD/CG RAM. 
Display is not shifted. 


Entry Mode Set 
0 0000001 1 0 


Writes "H'". The DD RAM has 
has already been selected 
by initialization when 

the power is turned on. 

The cursor is incremented 
by one and shifted to the 
right. 


Write Data to CG RAM/DD 
100310 0 #41 #0 


Write Data to CG RAM/DD 
10 010 0 41 0 


HITACHI Writes "I". 


Sets RAM address so that 


Set DD RAM Address HITACHI the cursor is positioned 


0 01%10 000 0 0 


at the head of the 2nd 
line. 





Write Data co CG RAM/DD RAM HITACHI en 


Write Data to CG RAM/DD RAM HITACHI Writ Non 
100100414141 41'1MrcROCcoO ort eS 


Sets mode for display 


Entry Mode Set HITACHI ae eae re : 
0:0) 0:0.) 0.0" A, Aa OROCO | | 
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( | 13 


150 





Writes "M". Display is 


Write Data to CG RAM/DD RAM | [TTACH shifted to the right. 
The first and second 


10010041121 0 1{fYtROCON | 
= lines' shift are operated 
at the same time. 


“Return Home HITACHI Returns both display and 


0000000 0#1 0\T[MIGROCOM cursor to the original 
0 position (Address 0). 
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MODIFYING CHARACTER PATTERNS 


(1) Character Pattern Development Procedure 


SECTION 


Hitachi User 


Computer 
processing Determine @ : 
character patterns 


Create character 


I 





pattern listing 


Create EPROM @) 
address data listing 





Evaluate character 
patterns 







Write EPROM 6) 
NO Back to EPROM 
start Hitachi @® 
YES 
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Fig. 15 Character Pattern Development Procedure 
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The numbers in the above figure correspond to the following operations: 


(1) 


(3) 


(4) 


(5) 


(6) 


152 


(2) 


Determine the correspondence between character codes and character 


patterns. 


Create a listing indicating the correspondence between EPROM addresses 


and data. 
Program character patterns in the EPROM. 
Send the EPROM to Hitachi. 


Hitachi performs computer processing with the EPROM to create a 


character pattern listing and sends it to the user. 


If there is no problem in the character pattern listing, Hitachi 
creates LSI for trial and sends samples to the user. The user 
evaluates the samples. When it is confirmed that character patterns 


are correctly written, mass production of LSI is started. 


Programming Character Patterns 


This section explains the correspondence between addresses and data 
used to program character patterns in EPROM. The LCD-II character 
generator ROM can generate 160 5x 7-dot character patterns and 32 
5x 10-dot character patterns in total of 192 different character 


patterns. 
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2.1 5x7-dot Character Pattern | 


For a 5X 7-dot character pattern, EPROM address data and character 


SECTION 


pattern correspond with each other as shown below. Table 10 Example 
of correspondence between EPROM address data and character pattern 


(57 dots). 





Table 10 Example of Correspondence between EPROM Address Data and 
Character Pattern (5x7 dots) 


Fill line 8 (cursor position) 


| with OQ. 





pe Vcc 
Character code Line position 


(1) EPROM addresses Ajo to A3 correspond to a character code. 

(2) EPROM addresses A) to Ag specify a line position of character pattern. 
(3) EPROM data 04 to Og correspond to character pattern data. 

(4) A lit display position (black) corresponds to "1". 


(5) Fill line 8 (cursor position) of character pattern with 0. 
(6) EPROM data O5 to 07 are not used. 
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2.2 5%x10-dot Character Pattern 


For a 5X*10-dot character pattern, EPROM address data and character 


pattern correspond with each other as shown below. 


Table 11 Example of Correspondence between EPROM Address Data 





and Character Pattern (5x10 dots) 


Fill line 11 (cursor position) 
with 0. 


Character code Line position 

(1) EPROM addresses Ajo to A3 correspond to a character code. Set Ag 
and Ag of character pattern line 9 and later lines to 0. 

(2) EPROM addresses A2 to Ago specify a line position of character 
pattern. | 

(3) EPROM data 04 to Og correspond to character pattern data. 

(4) A lit display position (black) corresponds to "1". 

(5) Fill line 11 (cursor position) of character pattern with 0. 


(6) 


EPROM data 05 to 07 are not used. 


2.3 Handling Unused Character Patterns 


(1) 


(2) 


154 


EPROM data outside the character pattern area 
It is ignored by the character generator ROM for display operation 


so that it can be 0 or l. 


EPROM data in CG RAM area 
It is ignored by the character generator ROM for display operation 


so that it can be 0 or l. 
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(3) EPROM data used when the user does not use any LCD-II character 


pattern 

It is handled in one of the two ways explained below. SECTION 
Select one of the two ways according to the user application. | 

1) When unused character patterns are not programed 1 


If an unused character code is written in the LCD-ILDD RAM, 





all dots are lit. No programming for a character pattern is 
equivalent to all bits lit. (This is because EPROM is filled 
with 1 when the EPROM is erased.) | 


2) Program O for unused character patterns 
Nothing is displayed even if unused character codes are written 


in LCD-II DD RAM. (It is equivalent to space.) 
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HD66780 (LCD- 11 A) 
(Dot Matrix Liquid Crystal Display 
Controller and Driver) 


Description 


- The LCD-IIA (HD66780)is a dot matrix liquid 
crystal display controller and driver LSI that 
displays alphanumerics, kana characters, and 
symbols. It drives a dot matrix liquid crystal 
display under 4-bit or 8-bit microcontroller or 
microprocessor control. All the functions 
required for driving a dot matrix liquid crystal 
display are internally provided on one chip. 


Designers can complete dot matrix liquid 
crystal display systems with fewer chips by 
using the LCD-IIA (HD66780). If a driver LSI 
(HD44100H or HD66100F) is connected to the 
HD66780, up to 80 characters can be dis- 
played. 


The LCD-IIA is produced by the CMOS proc- 
ess. Therefore, the combination of the LCD- 
IIA with a CMOS microcontroller or micro- 
processor can complete a portable battery- 
driven device with low power dissipation. 


Features 


5 x 7 and 5 xX 10 dot matrix liquid crystal 
display controller driver 

Can interface to 4-bit or 8-bit MPU 
Display data RAM : 80 x 8 bits (80 char- 
acters, max) 

Character generator ROM : 12000 bits ; 
Character font 5 x10 dots : 240 characters 
Character generator RAM : 64 X 8 bits ; 
Character font 58 dots: 8 characters or 
character font 5 xX 11 dots : 4 characters 
Both display data and character genera- 
tor RAMs can be read from the MPU. 
Internal liquid crystal display driver 

—16 common signal drivers 

—40 segment signal drivers (Can be 
externally extended to 360 segments by 
liquid crystal display driver HD44100H or 
HD66100F) 

Duty factor selection (selectable by pro- 
gram). 

—1/8 duty: 1 line of 5 X 7 dots + cursor 
—1/11 duty: 1 line of 5 x 10 dots + cursor 
—1/16 duty: 2 lines of 5 x 7 dots + cursor 
Maximum number of display characters 
as shown in table 1 

Wide range of instruction functions : Dis- 
play clear, cursor home, display on/off, 
cursor on/off, display character blink, 
cursor shift, display shift 

Internal automatic reset circuit at power 
on (internal reset circuit) 

Internal oscillation circuit 

— External resistor or ceramic filter 
—External clock operation possible 
CMOS process 

Single +5V logic power supply (exclud- 
ing power for liquid crystal display drive) 
Operation temperature range : -20°C to + 
75°C (-40°C to +85°C device available 
upon request) 

80-pin plastic flat package (FP-80, FP- 
80A) 

Low power consumption 


Ordering Information 


Type No. Package 
HD66780FS_ 80-pin plastic QFP (FP-80B) 
HD66780FH 80-pin plastic QFP (FP-80A) 
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Pin Arrangement 


61f JSEGao 


s5t |COMi1 
s4f 1COM10 


(FP-80A) 


(Top-View) 


Pin Description 








No. of 
Signal Lines 1/0 Connected to Function 
RS 1 Input MPU Selects register 
R/W 1 Input MPU Selects read or write 
E 1 Input MPU Starts data read or write 
DB7-DBo 8 1/0 MPU Bidirectional data bus 
CL; 1 Output Driver LSI Serial data latch clock 
CLo2 1 Output Driver LSI Serial data shift clock 
M 1 Output Driver LSI LCD waveform AC switch signal 
D 1 Output Driver LSI Character pattern data 
COM;-COMi6 16 Output LCD Common signals 
SEG1-SEGao 40 Output LCD Segment signals 
Vi-Vs5 5 Power supply LCD drive voltages 
Vcc,GND 2 Power supply +5V and ground 
OSC;1-OSC2 2 System clock 
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Pin Function 
RS (Register Select) 


RS selects the register that the MPU is acces- 
sing. RS=O selects the instruction register for 
MPU writes, and the busy flag and address 
counter for reads. RS=1 selects the data reg- 
ister for MPU reads and writes. 


R/w (Read/ Write) 


R/W selects whether the MPU will read from 
(R/W =1) or write to (R/W=0) the LCD-IIA. 


E (Enable) 


The MPU sets the E input high to signal the 
start of the read/write operation. 


DB7-DBo (Data Bus) 


The bidirectional, three-state data bus, DBo- 
DB7, transfers data between the MPU and the 
LCD-IIA. DB7 can be used as the busy flag. 
The lower-order four lines, DBo-DBa, are not 
used in four-bit interface operation. 


CLi, CL2 (Clock 1, Clock 2) 


The CLi output signals the HD44100H or HD 
66100F driver LSI to latch the serial data sent 
on line D. The CL2 output signals it to shift the 
data. 


M (Master AC Signal) 


The HD44100H or HD66100F driver LSIs use 
the M output to convert the LCD drive 
waveform to AC. | 


Table 1.. Number of Display Characters 


‘No. of 
Display Duty 
Lines factor Extension HD44100H 
1-line 1/8, Not _ 
display 1/11 provided . 

duty 

Proveded 9 pcs. 
(8 characters/pc.) 


2-line 1/16 Not ~ 


D (Serial Data) 


The LCD-IIA outputs serial character pattern 
data corresponding to the common signals to 
the HD44100H or HD66100F driver LSIs on D. 


COM:-COMic (Common) 


COM;-COMig are the LCD common lines. 
Common signals that are not used are de- 
selected. At 1/8 duty factor COM g-COMie are 
not used, so they output non-selected 
waveforms. At 1/11 duty factor COM12-COMie 
are not used, so they output non-selected 
waveforms. 


SEG:-SEGao (Segment) 
SEGi-SEGa4o are the LCD segment lines. 
V:-Vs (LCD Voltages) 


The LCD-IIA requires the V:i-Vs voltages to 
output LCD-driving waveforms. 


Vcc, GND (Power Supply, Ground) 


Vcc is the LCD-IIA’s logic power supply. GND | 
is the power supply ground. 


OSC:, OSC2 (Oscillator 1, Oscillator 2) 


OSC; and OSC2 are the connections for the 
LCD-IIA system clock. The LCD-IIA can use 
its internal oscillator if OSC; and OSC2 are 
connected to a resistor or ceramic filter. An 
external clock can be input to OSC,. 


| No. of Display 
HD66100F Characters 


- 8 characters x 1 line 


5 pcs. 80 characters x 1 line 
(16 characters/pc.) | 


_ 8 characters X 2 lines 


display duty provided | | 
Provided 4 pcs.(8 characters 2 pces.(16 charac- 40 characters x 2 lines 
x 2 lines/pc.) ters X 2 lines/pc.) 
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HD66780 Block Diagram 
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Block Function 
‘Registers 


The HD66780 has two 8-bit registers, an 
instruction register (IR) and a data register 
(DR). 


The IR stores instruction codes such as dis- 
play clear and cursor shift, and address 
information for display data RAM (DD RAM) 
and character generator RAM (CG RAM). The 
IR can be written from the MPU but not read 
by the MPU. 


The DR temporarily stores data to be written 
into the DD RAM or the CG RAM and data to 
be read out from DD RAM or CG RAM. Data 
written into the DR from the MPU is auto- 
matically written into the DD RAM or the CG 
RAM internally. The MPU also uses the DR for 
data storage when reading data from the DD 
RAM or the CG RAM. When the MPU writes 
address information into the IR, the LCD-IIA 
sends data to the DR from the DD RAM or the 
CG RAM by internal operation. Data transfer 
to the MPU is then completed by the MPU 
reading DR. After the MPU reads the DR, the 
LCD-IIA sends data in the DD RAM or CG 
RAM at the next address to the DR for the 
next read from the MPU. Register selector 
(RS) signals select these two registers (table 
2). | 


Busy Flag (BF) 

When the busy flag is 1, the HD66780 is in the 
internal operation mode, and instructions will 
not be accepted. As table 2 shows, the busy 
flag is output to DB7 when RS=0 and R/W=1. 
The next instruction must be written after 
confirming that the busy flag is 0. 

Address Counter (AC) 


The address counter (AC) assigns addresses 


Table 2. Register Selection 


RS R/W 


0 0 
0 1 
1 0 


160 


to DD and CG RAM. When an instruction for 
address is written in IR, the address informa- 
tion is sent from IR to AC. Selection of either 
DD or CG RAM is also determined concur- 
rently by the instruction. 
After writing into (or reading from) DD or CG 
RAM display data, AC is automatically in- 
cremented by 1 

(or decremented by 1). AC contents are out- 
put to DBo-DBs when RS=0 and R/W=1, as 
shown in table 2. 


Display Data RAM (DD RAM) 


The display data RAM (DD RAM) stores dis- 
play data represented in 8-bit character 
codes. Its capacity is 80 x 8 bits, or 80 char- 
acters. The display data RAM (DD RAM) that 
is not used for display can be used as general 
data RAM. Relations between DD RAM ad- 
dresses and positions on the liquid crystal 
display are shown in figure 1. 
The DD RAM adress (App) is set in the address 
counter (AC) and is represented in hex- 
adecimal. 


When there are fewer then 80 display char- 
acters, the display begins at the head positon. 
For example, 8 characters using an HD66780 
are displayed as shown in figure 2. 


When the display shift operation is perfor- 
med, the DD RAM address moves as shown in 
figure 3. 


A 16-character display using an HD66780 and 
an HD44100H is shown in figure 4. 


The relation between display position and DD 
RAM address when the number of display 
digits is increased through the use of one 
HD66780 and two or more HD44100Hs can be 
considered an extension of figure 4. 


Since the increase can be 8 digits for each 
additional HD44100H, up to 80 digits can be 


Operation 
IR write as internal operation (Display clear, etc) 
Read busy flag (DB7) and address counter (DBo-DBeg) 
DR write as internal operation (DR to DD or CG RAM) 


DR read as internal operation (DD or CG RAM to DR) | 
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_ Higher Order Lower Order 
Bits Bits 


ne [nee] es] pce [pc [ac |aci]aco 


— cea ae 3 oot Heisdoemme 7 


decimal 
Example : DD RAM address 4E 


RPLITIEVEA ETS 


aay ace. NY 


1-line Display (N =O) 
(Digit) 1 2 3 4 79 80 __Display 


5 
Position 
vice [ao] or [oe oa oe [swim [at [4] 68 
Address 


(Hexadecimal) 





Figure 1. DD RAM Address 


(Digit) 1 2 3 4 5 6 _ Display 


7 8 
Position 
1-line 00 | 01 | 02 | 03 |} 04 | 05 07 |<DD RAM 
Address 


(Hexadecimal!) 





Figure 2. Eight-Character Display Example 


(Left 
sik [oJ] 9] o*] oso [ov Jon 


Display) 


(Right 
SE" [ar [oo [or [oe] ooo os oe 


Display) 





Figure 3. Display shift 









(Digit) 11 12 13 14 15 16 _Display 


1 2 3 4 5 6 7 8 9 10 
Position 
vine [on] [a] ooo ooo Jo oe] [ve [oo] oor] -2 
Address 


eae HD66780 Display ee Ne HD44100H Display ee, (Hexadecimal) 


(Left 
si [or |e] o [ooo] mono ooo [or] 













Display) 

(Right — 

sa] 9] [oe [oo [oo [oo oo oo oe 
Display) 


Figure 4. Sixteen-Character Display Example 
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displayed by externally connecting 9 head are displayed. Note that the first line 
HD44100Hs. end address and the second line start address 
~The same holds when HD66100Fs are used as are not consecutive. For example, when an 
display drivers. Consisting of 80 outputs, one § HD66780 is used, 8 characters x 2 lines are 


HD66100F can display 16 digits (figure 5). displayed as shown in figure 6. 


When the number of display characters is When display shift is performed, the DD RAM 


fewer than 40 x2 lines, the 2 lines from the address moves as shown in figure 7. 

















(Digit) 123 4 5 6 7 8 9 1011121314 15 1617 18 19 20 21 22 23 24 73 74 75 76 77 78 79 80 Diaplay 
Position 
< DD RAM 


Address 
a HD66780 See 5 seen HD44100H pane . ton HD44100H(2) a INS HD44100H(3!~18) al es HD44100H(9) ene (Hexadecimal) 


t t ! 


Display Display Display 


1-line 





Display Display 













HD66100F(1) HD66100F(2)—(4) HD66100F(5) 
Display Display Display 

The last 40 outputs of the HD66100F(5) 

are not used. 








2-line Display (N=1) | 


(Digit) 1 2 3 4 39 40 __Display 


5 . ’ 
Position 
foo[or [oe [oa] oe] swe [ear] BB a 
p40 far faz} aa | ae | een |e | 67 


Address 
Figure 5. Extended Display 













1-line 














2-line (Hexadecimal) 





















(Digit) 1 2 3 4 5 6 7 8 __Display 

Position 

vive [00] 01 [2 [08 ot [os | [or | 6B a 

. Address 
vine [ao [ai [ eae [aa] a6 [ae [a7] (ttn 





Figure 6. Two-Line by Eight-Chasrcter Display Example 


wer [1 [oz 08 [oe [os [06 [ov oo 
Shift 
ay soe [8 se |e [7 


wow [27] 00 [or [02 [os [oe] os [oe 

Shift ae ae 

Diy [7 | aoa [oa [a [aa a8 | 
Figure 7. Two-Line Display Shift 
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16 characters x< 2 lines are displayed as in 
figure 8 when an HD66780 and an HD44100H 
are used. 


The relation between diaplay position and 
DD RAM address when the number of display 
digits is increased by using one HD66780 and 
two or more HD44100Hs, can be considered 
an extension of figure 9. 


Since the increase can be 8 digits x 2 lines for 
each additional HD44100H, up to 40 digits x 
2 lines can be displayed by connecting 4 
HD66780s (or 2 HD66100F's) externally. 


Character Generator ROM (CG ROM) 
The character generator ROM generates 5 xX 
7 dot or 5 x 10 dot character patterns from 8 


-bit character codes. A CG ROM has 240 
types of 5 x 10 dot character patterns built- 


(Digit) 
1-line 


2-line 


\.____. HD 66780 


Display 


(Left 04 | 05 | 06 | 07 | 08 
Shift 


Display) 








HD66780 (LCD-ITA) 


in. (Note; In a5 X 7 dot + cursor display, only 
the upper part, that is, 5 x 7 dots of 5 x 10 
dots, is displayed.) 


Table 3 shows the relation between charac- 
ter codes and character patterns in the Hita- 
chi standard HD66780A00. User-defined 
character patterns are also available by mask 
-programming ROM. 


Character Generator RAM (CG RAM) 


With the character generator RAM, the user 
can rewrite character patterns by program. 
With 5 x 7 dots, 8 character patterns can be 
written and with 5 x 10 dots 4 patterns can 
be written. 


Write the character codes in the left columns 
of table 3 to display character patterns stored 
in CG RAM. 


__Display 
Position 

«DD RAM 
Address 
(Hexadecimal) 





| | Oe 
Shift 


Display) 





ston [oe [00a 


Figure 8. Two-Line by Sixteen-Charater Display Example 


(Digitt 1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 


» Plo 


33 34 35 36 37 38 39 40 _ Display 


Position 
20/21)22/23 «DD RAM 
address 
aero 





(Hexadecimal) 


\ HD667780 /\ HD44100H(! I\ HD44100H(2\3 /\ HD44100H(4) / 


Display Display 


Display Display 


\ HD661 00F(| /\ HD66100F(2 / 


Display 





Display 


Figure 9. Two-Line Extended Display Example 
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Table 3. Correspondence between Character Codes and Character Pattern 
(Hitachi Standard HD66780A00) 





Higher 
Lower |_4Bits |OO00O 0100 0111|1000 
4Bits 
~|CG* 
x X X xQ000 ray 


—_ 
wh 


x X X 000 


x X X X0010 


od 
aed 
Nh 
— 


xX X X X001 


xX X X X0100 


xX X X0101 


x XX X0110 (7) 





xxx x0111 


xX X X X 1000 


xX xX X100 (2) 


— 


x xX xX X1010 (3) 


ES 


xx xX X1011 





xXx XxX X1100 


xxxXxX110 


aah 


(7) 


xx XX1110 


xxxXxX1111 


Note: * The user can specify any pattern for character-generator ROM. 
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Table 4 shows the relation between CG RAM As table 4 shows, an area that is not used for 
addresses and data and display patterns. display can be used as general data RAM. 
SECTION 
Table 4. Relation between CG RAM Address and Character Codes (DD RAM) and 1 
Character Patterns (CG RAM Data) (Cont) 
For 5 x 7-dot character patterns 
Character Codes CG RAM Character Patterns 
(DD RAM Data) Address (CG RAM Data) 
7 6 5 4 3 2 1 =0 5 43 2 1 765 43 2 1 =0 
Higher Lower Higher Lower Higher Lower 
«Order Order — Order <Order Order — 
Bits Bits Bits Bits Bits 
000 0 * 0 0 0 0 
1 
O Character 
1 Pattern 
0 Example (1) 
1 
O Cursor 
1 <—Position 
0000 * OO 1 O 
1 
O Character 
@) Pattern 
0 Example (2) 
1 
O 
_ 1 
0000 *« 1 1 = 1 0 
1 
* No effect 
(Don't Care) 


Notes: 1. Character code bits O-2 correspond to CG RAM address bits 3-5 (3 bits: 8 types). 

2. CG RAM address bits O-2 designate character pattern line position. The 8th line is the cursor 
position and display is performed by logical OR with the cursor. 

Maintain the 8th line data, corresponding to the cursor display position, in the O state for 
cursor display. When the 8th line data is 1, bit 1 lights up regardless of cursor existence. 

3. Character pattern row positions correspond to CG RAM data bits O-4, as shown in the figure 
(bit 4 being at the left end). 

Since CG RAM data bits 5-7 are not used for display, they can be used for the general data 
RAM. 

4. As shown in table 3 and 4, CG RAM character patterns are selected when character code bits 
4-7 are allO. However, since character code bit 3 is ineffective, the R display in the character 
pattern example, is selected by character code OO (hexadecimal!) or 08 (hexadecimal). 

5. 1 for CG RAM data corresponds to selection for display and O for non-selection. 
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For 5 x 10 -dot character patterns 
Character Codes CG RAM Character Patterns 
(DD RAM Data) Address (CG RAM Data) 

7 65 43 2 1 =0 5 43 2 1 765 43 21 +0 
Higher Lower Higher Lower Higher Lower 
<Order Order — Order Order Order — 

Bits Bits Bits Bits 


0000 * 0O * * * 0 0 0 0 
0 0 0 0 
0 O Character 
10 0 0 Pattern 
Example 
Lk O 
00 0 
10 0 0 0 
10 0 O O Cursor 
* * * 0 0 0 0 0O~— <Position 
O71 1 * ke * * K K OK OK 
1 0 0 
10 1 
1 1 +0 
1 1 #1 * * * * *F * * * 
0 0 0 * 
00 1 


ooze) 





me - SK OOOCOCOOCO0C 0 
ooo rf7]7-/0000 
o-Oo-Oo0o0o-0O-0 





oo = 3 oa — 


* No effect 
(Don’t care) 





Notes: 1. Character code bits 1, 2 correspond to CG RAM address bits 4, 5 (2’bits: 4 patterns). 

2. CG RAM address bits 0-3 designate character pattern line position. The 11th line is the 

cursor position and display is performed by logical OR with cursor. 
Maintain the 11th line data corresponding to the cursor display position in the O state for 
cursor display. When the 11th line data is 1, bit 1 lights up regardless of cursor existence. 
Since the 12nd-16th lines are not used for display, they can be used for the general data 
RAM. 

3. Character pattern row positions are the same as 5 x 7 dot character pattern positions. 

4. CG RAM character patterns are selected when character code bits 4-7 are all O. However, 
since character code bit O and 3 are ineffective, P display in the character pattern example 
is selected by character code 00, 01, 08 and O9 (hexadecimal). 

5. 1 for CG RAM data corresponds to selection for display and O for non-selection. 
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Timing generation Circuit 


The timing generation circuit generates tim- 
ing signals to operate internal circuits such as 
DD RAM, CG ROM and CG RAM. RAM read 
timing needed for display and internal oper- 
ation timing by MPU access are separately 
generated so that they may not interfere 
with each other. Therefore, when writing 
data to the DD RAM for example, there will 
be no undesirable influence, such as flicker- 
ing, in areas other than the display area. This 
circuit also generates timing signals to oper- 
ate the externally connected drivers 
(HD44100H or HD66100F). 


Liquid Crystal Display Driver Circuit 


The liquid crystal display driver circuit con- 
sists of 16 common signal drivers and 40 
segment signal drivers. When the character 
font and number of lines are selected by a 
program, the required common signal drivers 
automatically output drive waveforms. The 
other common signal drivers continue to 
output non-selection waveforms. 


The segment signal driver has essentially the 
same configuration as the driver LSI 
HD44100H. Character pattern data is sent 
serially through a 40-bit shift register and 
latched when all needed data has arrived. 


HD66780 (LCD-ITA) 


The latched data controls the driver for 


generating drive waveform outputs. 


The serial data can be sent to HD44100H or 
HD66100Fs, externally connected in cascade, 
to diaplay an extended number of charac- 
ters. 


The LCD-IIA always starts sending serial 
data at the display data character pattern 
corresponding to the last address of the dis- 
play data RAM (DD RAM). 


Since serial data is latched when the display 
data character pattern, corresponding to the 
starting address, enters the internal shift 
register, the HD66780 drives the head of the 
display. The rest of the display, corresponding 
to later addresses, are added with each addi- 
tional HD44100H or HD66100F. 


Cursor/Blink Control Circuit 


The cursor/blink control circuit generates the 
cursor or blinking. The cursor or blinking 
appear in the digit residing at the display 
data RAM (DD RAM) address set in the 
address counter (AC). 


When the address counter is (08)16, a cursor 
position is as shown in figure 10. 
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AC6 AC5 AC4 AC3 AC2 AC1 ACO 


SXESEDES TEATS 


In a 1-line display 
(Digit) 1 2 3 4 5 6 7 8 9 10 11 __Display 
Position 
om [os Jo |oa]oe [oe] oor] ga om[on] ) Si 
Address 
Cursor Position (Hexadecimal) 


In a 2-line display 


(Digit) 1 __Display 
Position 
ie [||| eo fo[or|g|or]on] | SS 
7 “Address 

rine [a0] si |s2) a2] ae a8) ae] ar fae) se] an] ] oma 


Cursor Position 


(Note) The cursor or blink appears when the address counter (AC) selects the character generator RAM 
(CG RAM). But the cursor and blink are meaningless. 
The cursor or blink is displayed in the meaningless position when AC is the CG RAM address. 





Figure 10. Cursor or Blink 
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MPU Interface 


The HD66780 can send data in either 2 4-bit 
operations or 1 8-bit operation so it can inter- 
face to both 4-and 8-bit MPU’s. 


When interface data is 4 bits long, data is 
transferred using only 4 bus lines: DB4—DBv-. 
DBo— DB3 are not used. Data transfer between 
the HD66780 and the MPU completes when 4 
-bit data is transferred twice. 


Data of the higher order 4 bits (contents of DBa 
—DB7 when interface data is 8 bits long) is 


Reset Function 
Initializing by Internal Reset Circuit 


The HD66780 automatically initializes (re- 
sets) when power is turned on using the 
internal reset circuit. The following instruc- 
tions are executed at initialization. The busy 
flag (BF) is kept in busy state until initializa- 
tion ends (BF=1). The busy state lasts 10 ms 
after Vcc rises to 4.5 V. 
1. Display clear 
2. Function set 

a. DL = 1: 8-bit long interface data 

b. N = O: 1-line display 

c. F = 0: 5x7-dot character font 


Instruction (IR) 


Busy Flag (BF) and 


transfer-red first, then the lower order 4 bits 
(contents of DBo—DB3 when interface data is 
8 bits long) is transferred. 


Check the busy flag after 4-bits data has 
been transferred twice (one instruction). Two 
4-bit operations will then transfer the busy 
flag and address counter data (figure 11). 


When interface is 8 bits long, data is trans- 
ferred using the 8 data bus lines DBo— DBv. 


3. Display on/off control 
a. D = 0: Display off 
b. C = 0: Cursor off 
c. B = 0: Blink off 
4. Entry mode set 
a. I/D = 1: + 1(increment) 
b. S = 0: No shift 


Note: When conditions in power supply con- 
ditions using internal reset circuit in the 
electircal characteristics are not met, the 
internal reset circuit will not operate nor- 
mally and initialization will not be performed. 
In this case initialize by MPU according to 
initializing by instruction. 


Data Register (DR) 
Write Address Counter (AC) Read 
Read 





Figure 11. 4-Bits Data Transfer Example 
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Instructions 


Only two HD66780 registers, the instruction 
register (IR) and the data register (DR) can be 
directly controlled by the MPU. Prior to 
internal operation start, control information is 
temporarily stored in these registers, to allow 
interface from HD66780 internal operation to 
various types of MPU’s which operate at 
different speeds or to allow interface to 
peripheral control IC’s. HD66780 internal 
operation is determined by signals sent from 
the MPU. These signals include register 
selection signals (RS), read/write signals (R/ 
W), and data bus signals (DBo—-DB7), and are 
here called instructions. Table 5 shows the 
instructions and their execution time. Details 
are explained in subsequent sections. 


Instructions are of 4 types, those that: 

1. Designate HD66780 functions such as 
display format, data length, etc 

2. Give internal RAM addresses 

3. Perform data transfer with internal RAM 

4. Others : 


In normal use, category 3 instructions are 
used most frequently. However, automatic 
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incrementing by 1 (or decrementing by 1) of 
HD66780 internal RAM addresses after each 
data write lessens the MPU program load. 
The display shift especially can be performed 
concurrently with display data write, ena- 
bling the disigner to develop systems in 
minimum time with maximum programing 
efficiency. For an explanation of the shift 
function in its relation to display, see table 7. 


During internal operation, no instruction 
other than the busy flag/address read 
instruction will be executed. Because the 
busy flag is set to 1 while an instruction is 
being executed, check to make sure it is on 0 
before sending an instruction from the MPU. 


Note: Make sure the HD66780 is not in the 
busy state (BF = 0) before sending the 
instruction from the MPU to the HD66780. If 
the instruction is sent without checking the 
busy flag, the time between first and next 
instructions is much longer than the instruc- 
tion execution time. See table 5 for a list of 
each instruction’s execution time. 
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Table 5. Instructions 


Execution Time 





ee (fcp Aly td 250 SECTION 
Instruction RS R/WDB7 DB, DBs DB, DB3 DB2 DB; DBo Description kHz) 
Clear 0 0 0 0 0 0 0 0 0 1. Clears entire display and sets DD 1.64 ms 1 
Display RAM address O in address . 
counter 
Return 0 O0O 0 0 0 0 0 0 +1 * Sets DD RAM address O in 1.64 ms 
Home address counter. Also returns 
display being shifted to original 
position. DD RAM _ contents 
remain unchanged 
Entry 0 0 0 0 0 0 0 1 + #=I/D § _ Sets cursor move direction and 40 us 
Mode Set specifies shift of display. 
These operations are performed 
during data write and read 
Display 0 0 0 0 0 0 1 D C 8B Sets entire display on/off (D), 40 us 
ON/OFF cursor on/off (C), and blink of 
Control cursor position character (B) 
Cursor or 0 0 O O O 1. S/C R/L * * Moves cursor and shifts diaplay 40 us 
Display without changing DD RAM 
Shift contents 
— Function 0 0 O O 1 DL N F  * #*_ Sets interface data length (DL), 40 us 
Set number of display lines (L) and 
character font (F) 
Set CG RAM 0 O O §1 ACG Sets CG RAM address. CG RAM 40 us 
Address data is sent and received after 
this setting. | 
Set DD RAM O O #1 ADD Set DD RAM address. DD RAM 40 us 
Address data is sent and received after 
this setting. 
Read O 1 BF AC Reads Busy flag (BF) indicating Ous 
Busy Flag internal operation is being per- 
& Address formed and reads address 
counter contents 
Write Data 1 O Write Data Writes data into DD RAM or CG 46 us 
to CG or RAM 
DD RAM 
Read Data 1 O Read Data Reads data from DD RAM or CG 46 us 
from CG or RAM 
DD RAM 
Notes: 1 1/D 1: Increment BF = 1: Internally operating 
1/D = 0: Decrement BF = 0: Can accept instruction 
S = 1: Accompanies display shift DD RAM: Display data RAMA 
S = 1: Display shift CG RAM: Character generator RAM 
S/C O: Cursor move 
Acg: CG RAM address 
R/L = 1: Shift to the right App :DD RAM address 
R/L = O: Shifts to the left Corresponds to cursor 
DL = 1: 8 bits, DL = O: 4 bits address 
N = 1: 2 lines, N = O: 1 line AC: Address counter used 
E = 1: 5x10 dots, F = 0: 5x7 dots for both DD and CG RAM 


2. * No effect (Don’t care) 
3. Execution time changes when freguency changes. 
Example: When fcp or fosc is 270 kHz: | 
250 
40 USX 956 = 37 us 
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Clear Display 


Clear display (figure 12) writes space code 20 
_(hexadecimal)(character pattern for charac- 
ter code 20 must be blank pattern) into all DD 
RAM addresses. Sets DD RAM address 0 in 
address counter. Returns display to its origi- 
nal status if it is shifted. In other words, the 
display disappears and the cursor or blink 
goes to the left edge of the display (the first 
line if 2 lines are displayed). Sets I/D = 1 
(increment mode) of entry mode. S of entry 
mode does not change. 


Return Home 


Return home (figure 13) sets the DD RAM 
address 0 in address counter. Returns display 
to its original status if it was shifted. DD RAM 
contents do not change. The cursor or blink 
go to the left of the display (the first line if 2 
lines are displayed). 


Entry Mode Set 


I/D: I/D (figure 14) increments (I/D = 1) or 
decrements (I/D = 0) the DD RAM address by 


RS R/W DB7 


1 when a character code is written into or 
read from the DD RAM. The cursor or blink 
moves to the right when incremented by 1 
and to the left when decremented by 1. The 
same applies to writing and reading of CG 
RAM. 


S: Shifts the entire display either to the right 
or to the left when S is 1; to the left when I/D 
= 1 and to the right when I/D = 0. Thus it 
looks as if the cursor stands still and the 
display moves. The display does not shift 
when reading from the DD RAM. When writ- 
ing into or reading out of the CG RAM does 
not shift. When S = 0, the display does not 
shift. 


Display On/Off Control 


D: The display is on when D = 1 and off when 
D = 0 (figure 15). When off due to D = 0, 
display data remains in the DD RAM. It can be 
displayed immediately by setting D = 1. 


C: The cursor is displayed when C = 1 and is 


not displayed when C = 0. Even if the cursor 
disappears, the function of I/D, etc does not 


DBo 





Figure 12. Clear Display Instruction 





RS R/W DB, 


Fofof{ololojojojoji]* * Don't care 





DBo 


Figure 13. Return Home Instruction 


RS RW DB7 


DBo 


ere er ei cere ee 





Figure 14. Entry Mode Set Instruction 


RS RW DB; 


DBo 





pepe T ei eel 8) eel ele 


Figure 15. Display On/Off Control Instruction 
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change during display data write. The cursor 
is displayed using 5 dots in the 8th line when 
the 5 x 7-dot is selected and 5 dots in the 
11th line when the 5 x 10-dot character font is 
selected (figure 16). 


B: The character indicated by the cursor 
blinks when B = 1. The blink is displayed by 
switching between all blank dots and display 
characters at 409.6 ms intervals when fcp or 
fosc = 250 kHz (figure 15). The cursor and the 
blink can be set to display simultaneously. 
(The blink time changes according to the 
reciprocal of fcp or fosc. For example, 409.6 x 


eee = 379.2 ms when fcp = 270 kHz.) 


Cursor or Display Shift 


Cursor or display shift (figure 17) shifts cursor 
position or display to the right or left without 


Table 6. Cursor or Display Shift Control 


HD66780 (LCD-ITA) 


writing or reading display data. This function 
is used to correct or search the display. Ina 2 
-line display, the cursor moves to the 2nd line 
when it passes the 40th digit of the 1st line. 
Notice that the 1st and 2nd line displays will 
shift at the same time. When the displayed 
data is shifted repeatedly each line only 
moves horizontally. The 2nd line display does 
not shift into the 1st line postion. 


Table 6 shows how S/C and R/L control 
shifting. 

Address counter (AC) contents do not change 
if the only action performed is shift display. 


Function Set 


DL: DL (figure 18) sets interface data length. 
Data is sent or received in 8-bit length (DB7- 
DBo) when DL = 1 and in 4-bit lengths (DB7- 
DB.) when DL = 0. 


$/C R/L Function 
0 0 Shifts the cursor position to the left 
(AC is decremented by one) 
0 1 Shifts the cursor position to the right 
(AC is incremented by one) 
1 0 


= 


~.. 
Cursor 
~~» 


5 x 7-dot character 


Cursor Display Example 


5 x 10-dot character 
font font 





Shifts the entire display to the left. The cursor follows the display shift 
Shifts the entire display to the right. The cursor follows the display shift 


: 


Alternating display 


Blink Display Example 


Figure 16. Cursor and Blink Display 


RS RW DB7 


noOgdoe Coe 
* Don't care 





Figure 17. Corsor or Display Shift Instruction 
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When the 4-bit length is selected, data must 
be sent or received twice. 


N: N sets number of display lines. 
F: F sets character font. See table 7. 


Note: Perform the function set at the head of 
the program before executing all instructions 
(except “Busy flag/address read”). From this 
point, the function set instruction cannot be 
executed unless the interface data length is 
changed. 


Set CG RAM Address 


Set CG RAM address (figure 19) sets the CG 
RAM address into the address counter in 
binary AAAAAA. Data is then written or read 
from the MPU for the CG RAM. 


Set DD RAM Address 


Set DD RAM address (figure 20) sets the DD 
RAM address into the address counter in 
binary (AAAAAAA). Data is then written or 
read from the MPU for the DD RAM. 


However, when N = 0O (1-line display), 
AAAAAAA is 00-4F (hexadecimal), when N 
= 1 (2-line display), AAAAAAA is 00-27 
(hexadecimal) for the first line, and 40-67 
(hexadecimal) for the second line. 


Read Busy Flag and Address 


Read busy flag and address (figure 21) reads 
the busy flag (BF) that indicates the system is 
now internally operating on a previously 
received instruction. BF = 1 indicates that 
internal operation is in progress. The next 





Table 7. Function Set N and F 


No. of Duty : 
N F Display Lines Character Font Factor Remarks 
00 1 5x7 dots 1/8 
01 1 5x10 dots 1/11 7 e 
1 x 2 5x7 dots 1/16 Cannot display 2 lines with 5 x 10-dot charac- 


ter font. 


Note: * Don’t care 








RS R/W DB, DBo 
coe} o | ojo j}oj1jouln| ri +) + 
* (Don't care) 


Figure 18. Function Set Instruction 





_Higher 


~~ Order Bits Order Bits ’ 





Figure 19. Set CG RAM Address Instruction 


Higher Lower 


Order Bits Order Bits n 





Figure 20. Set DD RAM Address Instruction 
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instruction will not be accepted until BF is set 
to 0. Check the BF status before the next 
write operation (figure 22). 


At the same time, the value of the address 
counter expressed in binary (AAAAAAA) is 
read out. The address counter is used by both 
CG and DD RAM addresses, and its value is 
determined by the previous instruction. 
Address contents are the same as in set CG 
RAM address and set DD RAM address. 


Write Data to CG or DD RAM 
Write data to CG or DD RAM (figure 23) 


writes binary 8-bit data DDDDDDDD to the 
CG or the DD RAM. 


Whether the CG or DD RAM is to be written 
into is determined by the previous specifica- 
tion of CG RAM or DD RAM address setting. 
After writing the LCD-IIA automatically 


Pe. igher 


Order Bits 


HD66780 (LCD-IIA) 


increments or decrements the address by 1, 
according to entry mode. 


Read Data from CG or DD RAM 


Read data from CG or DD RAM (figure 24) 
reads binary 8-bit data DDDDDDDD from the 
CG or DD RAM. 


The previous designation determines 
whether the CG or DD RAM is to be read. 


Before entering the read instruction, you 
must execute either the CG RAM or DD RAM 


address set instruction. If you do not the first 
read data will be invalidated. When serially 


executing read instructions, the next address 
data is normally read from the second read. 
The address set instruction need not be 
executed just before the read instruction 
when shifting the cursor by cursor shift 
instruction (when reading out of DD RAM). 
The cursor shift instruction operation is the 


Lower 
Order Bits 





Figure 21. Read Busy Flag and Address Instruction 


eee ee Nee eee eee 


Internal Internal Operation 


No 
DB» 777K Data N//f Busy uss VL Data KL, 


Instruction 





Busy Flag 
Write Check 


Busy Flag Instruction 
Check Write 


Busy Flag, 
Check 


Figure 22. Example of Busy Flag Check Timing Sequence 


RS RW DB7 


be SOOCROORGE 


_ Higher 
Order Bits 


Lower os 
Order Bits 





Figure 23. Write Data to CG or DD RAM Instruction 
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same as that of the DD RAM’s address set 
instruction. . 


After a read, the entry mode automatically 
increases or decreases the address by 1. 
However, display is not shifted no matter 
what the entry mode is. 


Note: The address counter (AC) is automati- 
cally incremented or decremented by 1 after 


write instructions to either CG RAM or DD 
RAM. RAM data selected by the AC cannot 
then be read out even if read instructions are 
executed. The conditions for correct data 
read out are: execute either the address set 
instruction or cursor shift instruction (only 
with DD RAM), then just before reading out, 
execute the read instruction from the second 
time the read instruction is serial. 





How to Use the HD66780 
Interface to 8-Bit MPU 


When Connecting to 8-Bit MPU Through 
PIA: Figure 25 is an example of using a PIA or 
I/O port (for a microcontroller) as an interface 
device. Input and output of the device is TTL 
compatible. 

In the example, PBp to PB7 are connected to 
the data buses DBy to DB7 and PAo to PAz2 are 
connected to E, R/W and RS respectively. 


Pay attention to the timing relation between 
E and other signals when reading or writing 


RS R/W DB7 


data and using PIA as an interface. 


Connecting Directly to the 8-Bit MPU Bus: 
Figure 26 shows the LCD- TTA connected 
directly to an HD6800. 


Example of Interfacing to the HD6805: Fig- 
ure 27 shows the LCD-IIA connected directly 
to an HD6805. 


Example of Interfacing to the HD6301: Fig- 
ure 28 shows the LCD-ITA connected directly 
to an HD6301. 


oe Sooo00o000R 


_ Higher 
“Order Bits 


Lower 
Order Bits 





Figure 24. Read Data from CG or DD RAM Instruction 


PA2 


PA, 
PAo 


PBo—PB7 
Do—D; Do—D7 


HD68B00: 8-bit CPU 





COM, 
RS —COMi6 Connected 


R/W to Liquid 
HD66780 Crystal 


SEG1— Display » 
SEGa4o 


DBo—DB7 


aaure 25. Example of Interface Oat using PIA (HD68B21) 
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Interface to 4-Bit MPU 


The HD66780 can be connected to a 4-bit 
MPU through the 4-bit MPU I/O port. If the I/ 
O port has enough bits, data can be transfer- 
red in 8-bit length, but if the bits are insuffi- 
cient, the transfer is made in two operations 
of 4 bits each (designating the interface data 
length as 4 bits). In the latter case, the timing 


HD68BO0 





sequence becomes somewhat complex. (see 
figure 29) 


Note that 2 cycles are needed for the busy 
flag check as well as the data transfer. 4-bit 
operation is selected by program. 


Figure 30 shows an example of an interface 
to the 400 series. 


Connected 


to LCD 
SEG, 


e. SEG4o 


Figure 26. Direct Connection to HD68B00 


Ao- 
HD6805 





COM; 
—-COMi6 


HD66780 


—-DB, 


Connected 
to LCD 


Figure 27. Direct Connection to HD6805 


HD6301 





Connected 
to LCD 


Figure 28. Direct Connection to HD6301 | 
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Interface to Liquid Crystal Display Therefore, three types of common signals are 
. available (table 8). 

Character Font and Number of Lines: The | | | 

HD66780 can perform 2 types of display, Number of lines and font types can be 

using 5 X 7 dots or 5 X 10 dots for the char- selected by program (see table 5). | 

acter font, with a cursor on each. 3 

| Connection to HD66780 and Liquid Crystal 

Up to 2 lines can be displayed with 5 x 7 dots Display: Figure 31 shows connection exam- 

and 1 line with 5 x 10 dots. | | ples. Since 5 SEG signal lines can display one 
| digit, one HD66780 can display up to 8 digits 





Table 8. Common Signals 


Number of Lines Character Font Number of Common Signals Duty Factor 
1 5 x 7 dots + Cursor 8 | 1/8 
1 5 x10 dots + Cursor 1 1/11 
2 5 x 7 dots + Cursor 16 1/16 


Internal Internal Operation ‘ 
N 


DB, ZZKIRTXIRS X15 ACN /AC3KX ©? XKD3 K/L 


Instruction | Busy Flag | Busy Flag | Instruction 


Write Check Check Write 


Note: IR7, IR3: Instruction 7th bit, 3rd bit 
AC3: Address Counter 3rd bit 





Figure 29. An Example of 4-Bit Data Transfer Timing Sequence 


RS 


COM; 
R/W ~COMie Connected 
Di3 ¢ HD66780 to Liquid 


ye Crystal 
HMCS 400 series SEG; Display 


Rio— Rig DB,-—DB, ~ SEGao 





HMCS 400 series: Hitachi 4-bit microcontroller 





Figure 30. Example of Interface to the 400 Series 
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for a 1-line display and 16 digits for a 2-line 
display. 

In figure 31 examples (a) and (b), there are 
unused common signal terminals, which 
always output non-selection waveforms. 
When the liquid crystal display panel has 


HD66780 (LCD-IIA) 


unused extra scanning lines, avoid undesir- 
able influences due to cross-talk in the float- 
ing state by connecting the extra scanning 
lines to these common signal terminals (fig- 
ure 32). 


Liquid Crystal 
Display Panel 
(8 characters 
x 1 line) 


(a) Example of a 5 xX 7-dot, 8-character < 1-line Display 


(1/4 Bias, 1/8 Duty) 


Liquid Crystal 
Display Panel 
(8 characters 
x 1 line) 


(b) Example of a 5 x 10-dot, 8-character x 1-line Display 


(1/4 Bias, 1/11 Duty) 


Liquid Crystal 
Display Panel 
(8 characters 
x 2 lines) 


(c) Example of a 5 X 7-dot, 8-character x 2-line Display 
(1/5 Bias, 1/16 Duty) 





Figure 31. Liquid Crystal Display and Connections to HD66780 
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Connection for Changed Matrix Layout: In 
the preceding examples, the number of lines 
was matched to the number of scanning 
lines. The display types in figure 33 are pos- 
sible by changing the matrix layout in the 
liquid crystal display panel. 


In either case, the only change is the layout. 
Display characteristics and the number of 
liquid crystal display characters depend on 
the number of common signals (or duty fac- 
tor). Note that the display data RAM (DD 
RAM) address for 8 characters x 2 lines and 
16 characters xX 1 line are the same as shown 
in figure 31. 


Power Supply for Liquid Crystal Display 
Drive : | 


Various voltage levels must be applied to 
HD66780 terminals V1 to Vs to obtain liquid 
crystal display drive waveforms. The voltages 
must be changed according to duty factors. 
Table 9 shows the relation. 


Vicp gives the peak values for lipuid crystal 
display drive waveforms. Resistance dividing 
provides each voltage as shown in figure 34. 


Relation between Oscillation Frequency 
and Liquid orystal Display Frame Fre- 
quency 


Figure 35 shows examples of liquid crystal 
display frame frequency when the oscillation 
frequency is 250 kHz. (1 clock = 4 ys) 


Connection with Driver LSI HD44100H or 
HD66100F 


You can increase the number of display 
characters by externally connecting liquid 
crystal display driver LSI’s HD44100H or 
HD66100F to the HD66780. 


When connected to the HD66780, the 
HD44100H or HD66100F is used as a segment 
signal driver. The HD44100H and the 
HD66100F can be connected to the HD66780 
directly since they supply Clu, CLz, M, and D 
signals and power for liquid crystal display 
drive. Figures 36 and 37 show connection 
examples. 


Note: Connection of voltage supply terminals 
Vi through V¢ for the liquid crystal display 
drive is complicated. 


Table 9. Duty Factor and Power Supply for Liquid Crystal Display Drive 


Duty 

Factor Bias Vi V2 

1/8,1/11 1/4 Vec - (1/4)Vico = Vee - (1/2)Vico 
1/16 1/5 Vec - (1/5)Viep ~=Vee - (2/5)Viep 


Power Supply 
V3 Va Vs 
Vec - (1/2)Viep 
Vcc - (3/5)Vico 


Vec ~ (3/4)Vico 
Vec - (4/5)Vicp 


Vec - Vico 
Vec - Vico 


5x7 dot, 8 character x1 line Display (1/4 Bias, 1/8 Duty) 





Figure 32. Using COM: to Avoid Cross-Talk on Unneeded Scanning Line 
HITACHI 
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SECTION 








(a) 5x7 dot, 16 character x1 line Display 
(1/5 Bias, 1/16 Duty) © 


(b) 5X7 dot, 4 character x2 line Display 
(1/4 Bias, 1/8 Dury) 


(a) 1/4 Bias 7 (b) 1/5 Bias 
(1/8, 1/11 Duty) (1/16 Duty) 





Figure 34. Drive Voltage Supply Example 
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Up to 9 HD44100Hs can be connected for a 1 of 80 character diaplay digits. The connection 
-line display (duty factor 1/8 or 1/11) and up to method in figures 36 and 37 remains un- 
4 for a 2-line display (duty factor 1/16). (For changed for both 1i-line and 2-line display 
the HD66100F, 5 and 2 units respectively.) and both 5 xX 7-and 5 X 10-dot character 
RAM size limits the HD66780 to a maximum fonts. | 





(1) 1/8 Duty 
400 clocks 


| 1 frame | 1 frame | 


1 frame =4 (us) X 400 X 8=12800 (us) = 12.8 (ms) 


Frame frequency = 58 wey =78.1 ( Hz) 


(2) 1/11 Duty 
400 clocks 


1 frame =4 (us) X 400 X 11 =17600 (us) =17.6 (ms) 


Frame frequency = SAAR =56.8 (Hz) 


(3) 1/16 Duty 
200 clocks 


| 1 frame | | 1 frame | 


1 frame =4 (ws) X200 X 16 = 12800 (us) = 12.8 (ms) 


Frame frequency = 08 Gray =78.1 (Hz) 





Figure 35. Liquid Crystal Display Waveforms (at fosc = 250kHz) 
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Dot Matrix Liquid Crystal Display Panel 
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Figure 36. Example of Connecting HD44100H to HD66780 
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Instruction and Display Correspondence 
8-bit Operation, 8-digit < 1-line Display 
(Using Internal Reset): Table 10 shows an 
example of an 8-bit xX 1-line display in 8-bit 
operation. The HD66780 functions must be 
set by the function set instruction prior to 
display. Since the display data RAM can store 
data for 80 characters, as explained before, 
the RAM can be used for advertising displays 
when combined with display shift operation. 
Since the display shift operation changes 
display position only and DD RAM contents 
remain unchanged, display data entered first 
can be output when the return home opera- 
tion is performed. 


4-bit Operation, 8-digit x< 1-line Display 
(Using Internal Reset): The program must set 
functions prior to 4-bit operation. Table 11 
shows an example. When power is turned on, 
8-bit operation is automatically selected and 
the LCD-IIA attempts to perform the first 
write as an 8-bit operation. Since nothing is 
connected to DBo-DB3z, a rewrite is then 
required. However, since one operation is 
completed in two accesses of 4-bit operation, 
a rewrite is needed to set the functions (see 
table 11 step 3). 


Thus, DBs-DB7 of the function set is written 
twice. 


8-bit Operation, 8-digit < 2-line Display: 
For a 2-line display, the cursor automatically 


HD66780 (LCD-IIA) 


moves from the first to the second line after 
the 40th digit of the first line has been writ- 
ten. Thus, if there are only 8 characters in the 
first line, the DD RAM address must be set 
after the eighth character is completed (see 
table 12). Note that the first and second lines 
of the display are shifted. 


In the example, the display is shifted when 
the cursor is on the second line. However, if 
the shift operation is performed when the 
cursor is on the first line, both the first and 
second lines move together. When you repeat 
the shift, the display of the second line will 
not move to the first line, the same display 
will only move within each line many times. 


Note: When using the internal reset, the 
conditions in “Power Supply Condition Using 
Internal Reset Circuit” must be satisfied. If 
not, the HD66780 must be initialized by 
instruction. (See “Initializing by Instruction”) 


Initializing by Instruction 


If the power supply conditions for correctly 
operating the internal reset circuit are not 
met, the LCD-IIA must be initialized by 
instruction. 

When interface is 8 bits long, use the initial- 
ization procedure in figure 38. 


When interface is 4 bits long, use the initial- 
ization proceduer in figure 39. 
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Table 10. 8-bit Operation, 8-character xX 1-line Display Example (Using Internal 


Reset) 
Step — | 
No. Instruction : Display Operation 
1 Power Supply On (HD66780 is | Initialized. No display appears. 
_ initialized by the internal reset circuit) 
2 Function Set Sets to 8-bits operation and selects 1- 
RS R/WDB7- . DBo _ line display and one of the three char- 
000011 00 * * acter fonts. (Number of display lines 
| ! and character font cannot be changed 
hereafter.) —. 
3 Display On/Off Control Turns on display and cursor. Entire 


display is on space mode because of 
initialization. 

Sets mode to increment the address by 
one and to shift the cursor to the right 
= at the time of write to the DD/CG 
RAM. Display is not shifted. 


Writes “H”. The DD RAM has already 
been selected by initialization when the 
power is turned on. 7 

The cursor is incremented by one and 
shifted to the right. 


00000 0 1 1 1 =O 


4 Entry Mode Set 
000000001 1 =0 


5 Write Data to CG RAM/DD RAM 
100%100%1000 


6 Write Data to CG RAM/DD RAM 


Writes “I”. 
100100100 1 
7 
8 Write Data to CG RAM/DD RAM. 7 Writes “I”. 


1001001001 aan ales 


9 Entry Mode Set 
00000001 1 1 


10 Write Data to CG RAM/DD RAM 
10 0°0 100 0 0 0 


Sets mode for display shift at the time 


UNS of write. 


ITACHI! _ Writes space. 


11. Write Data to CG RAM/DD RAM Writes “M”. 
1001001101 es 

12 

13. Write Data to CG RAM/DD RAM Writes “0”. 


10010031111 MECHORO:. 


14 Cursor or Display Shift 


MICROKO Shifts only the cursor position to the 


0000010 0 *— left. 
15 Cursor or Display Shift Shifts only the cursor position to the 
00000100 « « ([MICROKO left. 


16 Write Data to CG RAM/DD RAM 
10010 00 0 1 =41 


17 Cursor or Display Shift 


Writes “C” (correction). 
The display moves to the left. 


Shifts the display and cursor position to 


| CROCO 


MICROCO 


00000 1 1 1 * the right. 

18 Cursor or Display Shift Shifts only the cursor position to the 
00000101 # ME Obl: aah 

19 Write Data to CG RAM/DD RAM Writes “M”. 


1001001101 |CROCOM__ 


20 


21 Return Home 
000000 0 0 1 0 


Returns both display and cursor to the 
original position (address QO). 


Vecedceteec HUMINT 


HITACHI 
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Table 11. 4-bit Operation, 8-character X 1-line Display Example (Using Internal 


Step 
No. 


1 


2 


Reset) 


Instruction 
Power Supply On (HD66780 is 
initialized by the internal reset circuit) 
Function Set 

RS R/W DB; - -DBa 
0 @) 0) 0 1 0 


Function Set 
0) O O O 
0 O 0) O * 


* © 


Display On/Off Control 
6) 6) 0 0 
0 0 1 1 


Entry Mode Set 
0 0) 0 0 0 0 
0 0 0 1 1 0 


Write Data to CG RAM/DD RAM 
1 O @) 1 O 6) 
1 0 1 6) 0 O 


Display 


Pee al 
[eae eel 


Operation 
Initialized. No display appears. 


Sets to 4-bit operation. 

In this case, operation is handled as 8 
bits by initialization, and only this 
instruction completes with one write. 
Sets to 4-bit operation and selects 1- 
line display and one of the three char- 
acter fonts. 4-bit operation starts from 
this point on and resetting is needed. 
(Number of display lines and character 
font cannot be changed hereafter. ) 


Turns on display and cursor. Entire 
display is in space mode because of 
initialization. 

Sets mode to increment the address by 
one and to shift the cursor to the right, 
at the time of write, to the DD/CG 
RAM. Display is not shifted. 


Writes “H”. The DD RAM has already 
been selected by initialization when the 
power is turned on. The cursor is in- 
cremented by one and shifted to the 
right. 





Hereafter, control is the same as 8-bit operation. 
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Table 12. 8-bit Operation, 8-character X< 2-line Display Example (Using Internal 


Step 
No. 


1 


10 
11 


14 
15 


188 


Reset) 


Instruction 


Power Supply On (HD66780 is 
intialized by the internal reset circuit) 


Function Set 

RS RWDB 7: . . DBo 
000011 1 0 * * 
Display On/Off Control 
0000 00 1 141 1 +0 


Entry Mode Set 
000 0 0 0 0 1 +1 +0 


Write Data to CG RAM/DD RAM 
10 010 0 1 0 0 0 


Write Data to CG RAM/DD RAM 
10014090 1 0 0 = 1 


Set DD RAM Address 
0 01 1 0 0 0 0 0 0 


Write Data to CG RAM/DD RAM 
10010 0 1 1 0 1 


Write Data to CG RAM/DD RAM 
1001 0 0 1 1 =1 


—_ 


Bere ec ey LIL 


Entry Mode Set 
000000 0 1 1 


—_ 


Write Data to CG RAM/DD RAM 
10010 0 1 1 0 41 


Return Home 
0000000 0 1 +0 


Display 


HITACHI __ 
HITACHI 


HITACHI 


HITACHI 
MICROCO _ 


HITACHI 
MICROCO _ 


TACHI 
CROCOM _ 


HITACHI 
MICROCOM 


© HITACHI 


Operation | 
Initialized. No display appears. 


Sets to 8-bit operation and selects 2- 
line display and one of the three char- 
acter fonts. 


Turns on display and cursor. All display 
is in space mode because of initializa- 
tion. 


Sets mode to increment the address by 
one and to shift the cursor to the right, 
at the time of write, to the DD/CG 
RAM. Display is not shifted. 

Writes “H”. The DD RAM has already 
been selected by initialization when the 
power is turned on. 

The cursor is incremented by one and 
shifted to the right. 


Writes “I”. 


Sets RAM address so that the cursor 
may be positioned at the head of the 
2nd line. 


Writes “M”. 


Writes “O”. 


Sets mode for display shift at the time 
of write. 


Writes “M”. Display is shifted to the 
left. 

The first and second lines’ shift is 
operated at the same time. 


Returns both display and cursor to the 
original position (address QO). 
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Power on 


Wait more than 15 ms 
after Vcc rises to 4.5 V 


RS R/W DB, DBs DBs DB, DB3 DB» DB, DBo 
0 OO O O 1 1 * * * * 


Wait more than 4.1 ms 


RS R/W DB, DBs, DBs DB, DB3 DBp DB, DBo 
OO O O O 1 1 * * * * 


Wait more than 100 us 


RS R/W DB, DBs DBs DB, DB3 DB2 DB, DBg 
0 O O O 1 1 * * * * 


RS R/W DB7 DB. DBs DB, DB3 DB, DB, DBg 
O 0 1 * 


io) 
o>) 
2 
n 
* 





oO; oO 
oO; oO 
O;1oO;o 
Oo;}O|o 
Oo;oO|o 
o1oO|-— 
=1|O!|90O 
O1o 
-| oO 


0 
0 
0 


Oo 
Oo 
7 
Oo 
n 


Initialization ends 
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BF cannot be checked before this instruction 


Function set (Interface is 8 bits long) 


BF cannot be checked before this instruction 


Function set (Interface is 8 bits long) 


BF cannot be checked before this instruction 


Function set (Interface is 8 bits long) 











BF can be checked after the following instructions. 
When BF is not checked, the waiting time between 
instructions is longer than the execution instruction 
time. (see table 5) 


Function set (Interface is 8 bits long. 

Specifiy the number of display lines and character font.) 
The number of display lines and character font cannot 
be changed afterwards. 

Display off 

Display Clear 


Entry Mode Set 


Figure 38. Initialization by Instruction, Eight-Bit Interface 
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Power on 


Wait more than 15 ms 
after Vcc rises to 4.5 V 


RS R/W DB, DBg DBs DB, BF cannot be checked before this instruction 


0 0 oO O 1 1 Function set (Interface is 8 bits long) 


Wait more than 4.1 ms 


RS R/W DBy7 DBg DBs DB, BF .cannot be checked before this instruction 


0 0 0 0 ! ‘ Function set (Interface is 8 bits long) 


Wait more than 100 us 


RS R/W DB;z DBg DBs DB, BF cannot be checked before this instruction 


O ) 0 0 1 1 Function set (Interface is 8 bits length) 











RS R/W DB, DBg DBs DB, 
0 0 0 0 1 0 


BF can be checked after the following instructions. 
When BF is not checked, the waiting time between 
instructions is longer than the execution instruction 
time. (See table 5) 


oo 
oo;0 0 


Function set (Set interface to be 4 bits long.) 
Interface is 8 bits long. 


Function set (Interface is 4 bits long. Specify the num- 
ber of display lines and character font.) 

The number of display lines and character font cannot 
be changed afterwards. | 


-o;joo;o OoO|;n 0 
oO;oo;o0;* Oo 
no!l1- O10 0; %* O 


oOOo;oO0O;0 © 
oOo;0O 0 
oOo;o0/-]- 0/20 
= 

Oo 


Initialization ends Display off 
Display Clear 


Entry Mode Set 


Figure 39. Initialization by Instruction, Four-Bit Interface 
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LCD-II and LCD-IIA 


figure 40, is used for alternation in 1 frame, | 
and B type, shown in figure 41, for alternation oy at ON BO) me 
in 2 frames. B type has better display quality 


in high multiplex drive. 1 


Table 13 shows the differences between the 
LCD-II and LCA-IIA. 


There are two types of multiplex waveforms 
for LCD driving; A and B. A type, shown in 








Table 13. Functions Comparison between LCD-II and LCD-IIA 


Item LCD-tl (HD44780) LCD-llA (HD66780) Note 
Display RAM 80 bytes (80 characters) Same as LCD-II 
(Maximum number of 
display characters) 
* Character generator ROM 7200 bits 12000 bits 


240 characters 
5 x 10;240 characters 


192 characters 
5x7 ;160 characters 
5x10; 32 characters 


(Kinds of characters) 


Note: * indicates the modified items on LCD-IIA. 


€@ HITACHI 
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Character generator RAM 64 bytes Same as LCD-II 
(Number of characters) (8 characters) 
LCD driving terminals 16 COM's Same as LCD-Il 
(Maximum number of 40 SEG’s 
display characters/ (16 characters) 
unit) 
Character font 5x8 dots Same as LCD-II 
(with a cursor) 5x11 dots 
Multiplexing duty ratio 1/8, 1/11, 1/16 
* LCD driving voltage 1/4 bias 3.0 to 11 (v) 3.0 to Vcc (V) Vec to Vs (V) 
1/5 bias 4.6 to 11 {v) 3.0 to Vcc (v) 
*LCD driving waveform A waveform B waveform See figures 40,41 
* Bus timing 1, 1.5 MHz 2 MHz 
Instruction codes 11 instructions Same as LCD-II 
Power-on reset circuit Yes Same as LCD-II 
Oscillator Ceramic filter, Rf, Same as LCD-II 
(Frequency) external clock 
(250 kHz) 
Interface HD44100H HD44100H or HD66100F 
Package FP-80, FP-80A Same as LCD-II 
Pin arrangement Refer to p.1 Same as LCD-II 
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Common. 


Segment | | | | 


Common-segment 


] 
I 
1 
1 frame ! 1 frame 





Figure 40. A-Type Waveforms (1/3 Duty, 1/3 Bias) 


Common | pur] | 
' 
i] 


seomere | TTTLUL LL 


Common-segment 





Figure 41. B-Type Waveforms (1/3 Duty, 1/3 Bias) 
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1. Character Pattern Development 
Procedure 


SECTION 


Hitachi 


Computer 
processing Determine 
character patterns 
Create character © 
pattern listing 
Create EPROM 
address data listing 


Evaluate character 


patterns 
Write EPROM 
N 
0 Back to EPROM— 
start Hitachi 
YES 
[ m= | 
| sr 
Sample 
2 
st a 
YES 


Figure 42. Character pattern development procedure 





The numbers in the above figure correspond (5) Hitachi performs computer processing 
to the following operations: with the EPROM to create a character 
(1) Determine the correspondence between pattern listing and sends it to the user. 
character codes and character patterns. (6) If there is no problem in the character 
(2) Create a listing indicating the correspon- pattern listing, Hitachi creates LSI for trial 
dence between EPROM addresses and and sends samples to the user.The user 
data. evaluates the samples. When it is con- 
(3) Program character patterns in the firmed that character patterns are cor- 
EPROM. rectly written, mass production of LSI is 
(4) Send the EPROM to Hitachi. started. 
@ HITACHI 
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@ Character pattern program method 


The relationship between the EPROM In order to evaluate ROM patterns, we rec- 
address and character pattern is as fol- ommend to use our LCD controller HD61830. 
lows. We also supply LCD control board (CB1026R). 





Character code Line code 


1. EPROM DATA Os-O7 are invalid 

2. DATA “O” must be programed at 11 th line (cursor position). 

3. DATA at 12-16 th line are invalid 

4. DATA at Oo locate at the left side of screen. (The relation between the bit No, and position 


is reversed, comparing with HD44780). 


Note: 


@ HITACHI 
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® Handling unused character patterns 


(1) EPROM data outside the character pat- 
tern area 
It is ignored by the character generator 
ROM for display operation so that it can be 
O or 1. 

(2) EPROM data in CG RAM area 
It is ignored by the character generator 
ROM for display operation so that it can be 
O or 1. 

(3) EPROM data used when the user does not 
use any LCD-II character pattern 
It is handled in one of the two ways ex- 
plained below. Select one of two ways 


1) 


2) 
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according to the user application. 


When unused character patterns are 
not programed 

If an unused character code is written 
in the LCD-II DD RAM, all dots are lit. 
No programming for a character pat- 
tern is equivalent to all bits lit. (This is 
because EPROM is filled with 1 when 
the EPROM is erased.) 

Program O for unused character pat- 
terns 

Nothing is displayed even if unused 
character codes are written in LCD-II 
DD RAM. (It is equivalent to space.) 


SECTION 


1 
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Absolute Maximum Ratings 


Item Pating Reting Unit 
Power Supply Voltage Vec -0.3 to +7.0 V 
Input Voltage Vr -0.3 to Vcc + 0.3 V 
Operating Temperature Topr -20 to +75 3 
Storage Temperature Tstg -55 to +125 °C 


Notes: 1.If LSI’s are used above the absolute maximum ratings, they may be permanently destroyed. 


196 


Using them within electrical characteristic limits is strongly recommended for normal opera- 
tion. Use beyond these conditions will cause malfunction and poor reliability. 
2.All voltage values are referred to GND = OV. 
3.Applies to V1 to V5. The relation: Vec2V12V32V42V52GND must be maintained. 
(high to low) 
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Electrical Characteristics 


DC Electrical Characteristics (Vcc = 5V+10% Ta = -20 to +75 °C) 


SECTION | 





item Symbol Min Typ Max Unit Test Condition Note 
Input High Voltage (1) Vint 2.0 i Ver V (2) 
Input Low Voltage (1) Vind = - 0.8 V (2) 
Input High Voltage (2) Vin2 Vec- 1.0 - Vec V (12) 
Input Low Voltage (2) Viv2 = a 10 V (12) 
Output High Voltage (1)(TTL) Vow1 2.4 _- = V -lon = 0.205 mA (3) 
Output Low Voltage (1)(TTL) Vout = = 0.4 V lor = 1.6 mA (3) 
Output High Voltage (2)(CMOS) Vono 0.9Vec — 2 V -lon = 0.04 mA (4) 
Output Low Voltage (2)(CMOS) Vo.2 = = 0.1Vcc V lo. = 0.04 mA (4) 
Driver On Resistance (COM) Rcom a = 20 kQ +ld = 0.05 mA (10) 
sch Sg tt ee ee 
Driver On Resistance (SEG) Rsec = = 30 kQ tid = 0.05 mA (10) 
to each SEG Pin 
Input Leakage Current fie -1 ~ 1 uA Vin = O to Vcc (5) 
Pull up MOS Current -Ip 50 125 250 wA Vec =5V 
Power Supply Current (1) lcc1 7 0.55 0.8 mA Ceramic filter oscillation (6) 
Veo = 5 V, 
fosc = 250 kHz 
Power Supply Current (2) lec2 e 0.35 0.6 mA Rf oscillation, (6) 
External clock operation (11) 
Veco = SV, 


fosc = fcp = 270 kHz 
External Clock Operation 


External Clock Frequency fop 125 250 350 kHz (7) 

External Clock Duty Duty 45 50 55 % (7) 

External Clock Rise Time tay, ~ - 0.2 us (7) 

External Clock Fall Time ttcp = = 0.2 us (7) 

Internal Clock Operation (Rf Oscillation) 

Clock Oscillation Frequency fose | 190 270 350 kHz Rf=82kQ+2% ~~ | (8) 

Internal Clock Operation (Ceramic Filter Oscillation) 

Clock Oscillation Frequency fose 245 250 255 kHz Ceramicfiltr ~~ | (9) 

LCD Voltage Vicp1 3.0 = Vec V Vec - Vs 1/5 bias (13) 
Vicp2 3.0 = Ver V 1/4 bias (13) 


Notes: 1.Figure 42 shows the I/O pin configurations except for liquid crystal display output. 

2.Input pins and I/O pins. Excludes OSC; pin. 

3.1/0 pins. 

4.Output pins. 

5.Current flowing through pull-up MOS‘s and output drive MOS'’s is excluded. 

6.Input/output current is excluded. When input is at an intermediate level with CMOS, 
excessive current flows through the input circuit to the power supply. To avoid this, input 
level must be fixed at high or low. 

7.External clock operation as shown in figure43. 

8.Internal oscillator operation using oscillation resistor Rf (figure 44). 

9.Internal oscillator operation using a ceramic filter (figure 45) 

10.Rcom applies to the resistance between power supply pin (Vcc, V1, Va, Vs) and each common 
signal pin (COM; to COMie). 
Rsec applies to the resistance between power supply pin (Vcc, V2, V3, Vs) and each segment 
signal pin (SEG: to SEG4o). 
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11.Relation between operation frequency and current consumption is shown in figure 46. 
(Vcc = 5 V) 

12.Applied to OSC; pin. 

13.When each COM and SEG output voltage is within +0.15 V of LCD voltage (Vcc, Vi, V2, 
V3, Va, Vs) when there is no load. 


@ Input Pin | Pins: RS, R/W 
(With pull-up MOS) 
Pins: E 
(No pull-up MOS) 


Pull-up MOS 


@ Output Pin 


Pins: CL,, Clo, M, D 


@1/0 Pin 


Pins: DBy to DB7 
(Pull-up MOS) 


Enable 


<<} ] 


(Output Circuit) 
(Three-state) 





Figure 43. Pin Configuration 
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Oscillator 


_ __th 9 
Duty = Tham * 100% 


Figure 44. External Clock 


OSC, 


Rf: 82kQ £2% 
OSC2 


Since oscillation frequency varies depending on OSC; and OSC2 terminal capacity, wiring 
length to these pin should be minimized. 





Figure 45. Internal Oscillator, Resistor 


Ceramic filter: CSB250A (Murata) 
Rf: 1MQ +10% 
C,: 680 pF +10% 
C2: 680 pF +10% 
Rd: 3.3kQ +5% 
C2 


Ceramic filter 


Note: This circuit is a standard one and we do not insure the oscillation frequency character- 
istics. Study the actual circuit ratings in using this circuit. 


Figure 46. Internal Oscillator, Ceramic Filter 
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I 
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® = Vcc - Vs 
® = Vcc - Vi 
®21.5V 

®=0.25 x © 


Note: The conditions of V;, Vs voltages 
are for proper operation of the LSI 
and not for the LCD output level 
(figure 47). The LCD drive voltage 
condition for the LCD output level is 
specified in “LCD voltage Vicp’. 


lec2 (MA) 





4] 
2] 
.O 
8 
6 
4 
2 
0 


Figure 48. V:, Vs Voltages 
fosc or fep (kHz) 





Figure 47. Frequency vs Current 
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Bus Timing Characteristics (Vcc = 5.0 V+10%, GND = 0 V, Ta = —20 to +75 °C) | 


Write Operation (Writing Data from MPU to HD66780) 


SECTION 





item Symbol Min Max Unit Test Condition 

Enable Cycle Time tcyce 500 a ns Fig. 51 1 
Enable Pulse Width — (High level) PWen 220 = ns Fig. 51 

Enable Rise/Fall Time ter, ter _ 20 ns Fig. 51 

Address Set-up Time (RS, R/AW-E) tas 50 = ns Fig. 51 

Address Hold Time taH 10 = ns Fig. 51 

Data Set-up Time tosw 60 si ns Fig. 51 

Data Hold Time tH 10 = ns Fig. 51 


Read Operation (Reading Data from HD66780 to MPU) 


item Symbol Min Max Unit Test Condition 
Enable Cycle Time tcyceE 500 = ns Fig. 52 
Enable Pulse Width — (High level) PWen 220 = ns Fig. 52 
Enable Rise/Fall Time ter, tes = 20 ns Fig. 52 
Address Set-up Time (RS, R/W -E) tas 50 = ns Fig. 52 
Address Hold Time tay 10 eS ns Fig. 52 
Data Delay Time toprR ee 150 ns Fig. 52 
Data Hold Time toHR 20 100 ns Fig. 52 


5.0V 
R. = 2.4kQ 
Test Point 


Diode 
1$20740) 


90 pF 





Figure 49. Load Circuit (DBo—DB7) 
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Interface Signal with HD44100H or HD66100F Timing Characteristics 
(Vcc = 5.0 V+10%, GND = 0 V, Ta = —20 to +75 °C) 


item Symbol Min Max Unit Test Condition 
Clock Pulse Width — (High level) tcwH 800 at ns Fig. 53 
Clock Pulse Width (Low level) tewL 800 se ns Fig. 53 
Clock Set-up Time tcsu 500 = ns Fig. 53 
Data Set-up Time tsu 300 = ns Fig. 53 
Data Hold Time toH 300 7 ns Fig. 53 
M Delay Time tom -1000 1000 ns Fig. 53 
Clock Rise/Fall Time ta - 100 ns Fig. 53 


Power Supply Conditions Using Internal Reset Circuit 


item Symbol Min Max Unit Test Condition 
Power Supply Rise Time tec 0.1 10 ms _ 
Power Supply Off Time torr 1 - ms _ 


Note: The internal reset circuit will not operate normally unless the preceding conditions are met. In 
that case, initialize by instruction. (Refer to Initializing by Instruction) 


Test Point 





Figure 50. Interface Signal Load Circuit 


0.2V 
Vee 


0.1ms S tcc = 10ms tor—- 2 1 ms 


* torr Stipulates the power off time for a power supply 
instantaneous dip or when power supply is cycled off then on. 





Figure 51. Power Supply Timing 
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Timing Characteristics 


Write Operation 


SECTION 


1 





PWen 


™\ 
Vint Vint 
Vin Vin 


tosw 


Vint Vint 
( ) 
Vier Vaild Data Vis 


teyce 





Figure 52. Bus Write Operation Sequence (Writing Data from MPU to HD66780) 


Read Operation 





Figure 53. Bus Read Operation Sequence (Reading Data from HD66780 to MPU) 
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Interface signal with driver LSI HD44100H or HD66100F 


tot 


0.9 Vec 
0.1 Vec 


tewH towuH 


0.9 Vec 0.9 Vcc 


0.1 Vec Ws jem 


O.2 Vee 0.9 Vec \ 
0.1 Vcc 0.1 Vee 





Figure 54. Sending Data to Driver LSI HD44100H or HD66100F 
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HD44102CH 
(Dot Matrix Liquid Crystal Graphic 


Display Column Driver)  =ennley\ 


DESCRIPTION 
The HD44102CH is a column (segment) driver 


I 


for dot matrix liquid crystal graphic 


display systems, storing the display data 





transferred from a 4-bit or 8-bit micro- 
computer in the internal display RAM and 
generating dot matrix liquid crystal driv- 


ing signals. 


Each bit data of display RAM corresponds 
(FP-80) 





to ON/OFF of each dot of liquid crystal 


display to provide more flexible display 


The HD44102CH is produced in the CMOS MEPIN ARRANGEMENT 
process. Therefore, the combination with 
a CMOS microcomputer can accomplish a 
portable battery drive equipment utilizing 
the liquid crystal display's lower power 


dissipation. 


The combination of HD44102CH with the row 
(common) driver HD44103CH facilitates dot 
matrix liquid crystal graphic display 


system configuration. 





(TOP VIEW) 
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@ FEATURES 

- Dot matrix liquid crystal graphic display column driver incorporating 
display RAM. 

- Interfaceable to 4-bit or 8-bit MPU 


- RAM data directly displayed by internal display RAM 
RAM bit data "1" ..... ON 
RAM bit data "0" ..... OFF 


- Display RAM capacity ..... 50 x8 x4 (1600 bits) 


- Internal liquid crystal display driver circuit (segment output) ..... 


50 segment signal drivers 


- Duty factor (can be controlled by external input waveform) 
Selectable duty factors ..... 1/8, 1/12, 1/16, 1/24, 1/32 


. Wide range of instruction functions 
Display Data Read/Write, Display ON/OFF, Set Address, Set Display 
Start Page, Set UP/DOWN, Read Status 


* Low power dissipation 
- Power supplies ..... Voc 5V410%, VEE 0V-5V 
- CMOS process 


- 80-pin flat plastic package 
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vo 
wre 
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ei 








put 


In 
register 
aes 


@ 
34 

n 
5 
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So 
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Decoder 


ere econ 





Latch (50 circuits) 


ee 
LSB 
mre 0 
MSB 

LSB 

Page 1 Display Data RAM 

MSB 





Vi V2 Vs Ve 


Decoder 






CL 


FRM 


” 
m 
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_METABLE OF PIN ASSIGNMENT 

























Se foe Ee [ae 
i eee eee) P41] vc | | | 
ot tee Seer p42; CCC CBS CT 
he eS Cs eee Ge <a 
Liar a ened (Sine a eee eT ee ee 
ee ae ECs eee oe eee 
a ae Serene cl aaa ee Se eee 
Xe a ee ee ee ee ee 
ES ae eee ee ee ee es a 
ee We ee ON POs De el 
Es ee fe ne») =) 
Fe es (OR es >) >) 
Ee es eh >: ee ss >) =>) 
(Ee es (ee Ee e+) ee ee): 
a ee ee ee) ee 
piste | TBs | Bs 
Pio{ Tee | Ce 
Pay 88) | DB Be 
ie | Oe | ee PRM | 
Henna Mle, WOOO ae secs 2 hen SC Oracle en cs a 
ns eae ee Ee ee eee 
QT le ee eee he SIO. | BN ee 
ee a ee N.C. 
N.C. | MM | 
dm ef ee Pe I) OA GND, 
Lee a eae (EE ee ee ee ee ee 
2S a ee a ee ee ee ee 
OD hee cae soa te A OP | Vee ee es el 
fast CE ts | cfs] lv hUTtC“‘(RNSC‘(S’SCdr 
oO ee, eo 
ie eee as 1s es Ge i 27 
eel ae Ere eee, Gees ek eee 
ce a Bo | 
iy a ae en 7) ee 
2 See eae, ec a ey a ee 
set es re i 2 ee 
or eee eee cs ee Cees (ee 
Ee Dee eee cc en MOEN ie eee 
ee ce is ee Sr cee 
Ey Sas aoe 7s ee es 2S 
| ee ee se ee ee 


(Note) N.C.: Nonconnection pin 
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MM ABSOLUTE MAXIMUM RATINGS 


sepiy vitae © | vr | varwseveros fv | 
ef 
Dee 










Input voltage (2) Ver-0.3 © Vect0.3 
Operating temperature -20 % +75 


Note 1: Referred to GND=0. 





Note 2: Applied to input terminals (except Vl, V2, V3 and V4), and I/0 
common terminals. 


Note 3: Applied to terminals Vl, V2, V3 and V4. 


Mi ELECTRICAL CHARACTERISTICS 


(Voc=+5V+10%Z, GND=0V, VpR=0V-5.5V, Ta=-2004+75°C) (Note 4) 


Input "High" voltage(CMOS) Pvc} fT] — 
Input "Low'' voltage (CMOS) wine] dT 
Input "High" voltage (TTL) rf 

Input "Low'' voltage (TTL) ar; 
Output "High" voltage +3.5 


Lie lee 
tex VER=—-5Vt10Z%, Load 
Vi-Xj ON resistance | Row current 100uA 






Input leakage current (1) Irzu1 | VIN=VccVGND 


1 
Input leakage current (2) Iyzu2 | Vin=VccvVer 
Operating frequency $1,62 frequency 


saetation current (0) | root | SSS) 
i Access cycle 1MHz 
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Note 
Note 
Note 
Note 
Note 


Note 
Note 





4: Specified within this range unless otherwise noted. 

5: Applied to M, FRM, CL, BS, RST, $1, $2. 

6: Applied to CS1 to CS3, E, D/I, R/W and DBO to DB7. 

7: Applied to DBO to DB/7. 

8: Applied to input terminals, M, FRM, CL, BS, RST, $1, 62, CS1 to CS3, 
E, D/I and R/W, and I/O common terminals DBO to DB7 at high impedance. 

9: Applied to V1, V2, V3 and V4. 

10: $1 and $2 AC characteristics. 










Pratt time | ee | | 
[aise time] te | 
[Phase difference tive | tia] 0.8 — 
[Phase difference tine | enn | 0.8[ —_ 
er es ee 





Duty =a T+ 


Note 11: Measured by Vcc terminal at no output load, at 1/32 
frequency of 65Hz, in checker pattern display. Access from the CPU 


Note 12; 


210 


is stopping. 


frequency of 65Hz. 
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Symbol | win.| typ | Mex.| Unie 


i 


te a 
oo T+ Th 


Te * 100 (#) 


7; 


duty, and frame 


Measured by Vcc terminal at no output load, 1/32 duty and frame 
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@INTERFACE AC CHARACTERISTICS 


pete me [te | 
ae 








wn 


ii 


peuue [we 
[pce deny iow | aon | 


Data hold time at write 
Data hold time at read 


NO ho 
RO 
© 





Note 13: At CPU write Note 14: At CPU read 
| tcrc 
2.0V PweH ——_ 
Easy ee | ee 
tr tan t 
2.0V+ 
! 
ai 0.8V | oy 
tas rT tan 


CS.~3 2.0V: : 
0 0.8V 





Note 15: DBO to DB/7 load circuits 


Ry, = 2.4kQ 
: = Q 
Test point > ae 
C = 130pF (including jig capacity) 


Diodes Dl to D4 are all 182074@) 
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Note 16: Display OFF at initial power up. 


The HD44102CH can be placed in the display OFF state by setting 
terminal RST to "LOW" at initial power up. 


No instruction other than the Read Status cannot be accepted while 
the RST is in the "Low" level. 





ME TERMINAL FUNCTIONS DESCRIPTION 


Signal Number of I/o Function 
name terminals 


Y1vY50 50 Liquid crystal display drive output. 
Relationship among output level, M and display data 
(D): 
M | 1 | 0 
D | 1 | 0 | 1 | 0 | 
V V V V. 
Output ever $V LM Le 
: 


ani 
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Chip select 












ine 





L 
H [Selected read/write enable] 










Enable 


At write (R/W=L): Data of DBO to DB7 is latched 
at the fall of E. 

At read (R/W=H): Data appears at DBO to DB7 

while E is in "High" level. 














HD44102CH 
Signal 


Number of 
terminals r0 


am 
R/W I | Read/Write SECTION 
R/W=H: Data appears at DBO to DB7 and can be read 
by the CPU when E=H and CS2, CS3="H". 


a 
0) 


Q 
me 


1 


R/W=L: DBO to DB7 can accept input when CS2,CS3=H 
or CS1=H. 


iL Data/Instruction 
D/I=H: Indicates that the data of DBO to DB7 is 
display data. 
Indicates that the data of DBO to DB/7 is 





oO 
~~ 
ke 






display control data. 


I/O | Data bus, Three-state I/O common terminal 
CS3 | State of DBO to DB7 


DBOWDB7 


Input state, 
High impedance 
High impedance 


I | Signal to convert liquid crystal display drive 


output to AC 


Display synchronous signal 


At the rise of CL signal, the liquid crystal dis- 
play drive signal corresponding to display data 
appears. 


Display synchronous signal (frame signal) 
This signal presets the 5-bit display line counter : 
and synchronizes a common signal with the frame 
timing when the FRM signal becomes high. 

ol, 2 


2-phase clock signal for internal operation 


The ol and $2 clocks are used to perform the 
operations (input/output of display data and exe- 
cution of instructions) other than display. 


ty 
aw 
2 


Ww 
1p) 
ae | 


Reset signal 


The display disappears and Y address counter is set 
in the UP counter state by setting the RST signal 
to "Low" level. After releasing reset, the dis- 
play OFF state and up mode is held until the state 
is changed by the instruction. 


Bus select signal 


BS=L: DBO to DB7 operate in 8-bit length. 

BS=H: DB4 to DB7 are valid in 4-bit length only. 
8-bit data is accessed twice in the high 
and low order. 
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214 


Power supply for liquid crystal display drive. 


Vl and V2: Selection voltage 
V3 and V4: Non-selection voltage 


Power supply. 


Power supply for internal logic 
Power supply for liquid crystal display 
drive circuit logic 





IBFUNCTION OF EACH BLOCK 


@lInterface Logic 


The HD44102CH can use the data bus in 4-bit or 8-bit word length to enable 


the interface to a 4-bit or 8-—bit CPU. 


(1) 4-bit mode (BS=H) 
8-bit data is transferred twice for every 4 bits through the data bus 
when the BS signal is high. The data bus uses the high order 4 bits 
(DB4 to DB7). First, the high order 4 bits (DB4 to DB7 in 8-bit data 
length) is transferred and then the low order 4 bits (DBO to DB3 in 8- 
bit data length). 
Busy Flag 


ee: 57) nn 3 ae 
OA ee eee !™~SCS~SCS*S:*S 
ROP ee eee 
Pol tet ie Lu La lea 
"Uy 





Busy flag Address Address [USY flag) Data 


: Data low 
check high order|low order eck high order write 
(Status Grits write (Status order 

read) read) write | 
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(Note) Execute the instructions other than Status Read in 4-bit length each. 
The busy flag is set at the fall of the second E signal. The Status 
Read is executed once. After the execution of the Status Read, the 


first 4 bits are considered the high order 4 bits. Therefore, if the SECTION 
busy flag is checked after the transfer of the high order 4 bits, | 

retransfer data from the higher order bits. No busy check is required | 
in the transfer between the high and low order bits. 





(2) 8-bit mode (BS=L) 


If the BS signal is low, the 8 data buses (DBO to DB7) are used for data 


transfer. 


DB7 ... MSB (Most significant bit) 
DBO ... LSB (Least significant bit) 


For AC timing, refer to (Note 12) to (Note 15) of "ELECTRICAL CHARACTER- 
ISTICS". 


@Input Register 


8-bit data is written into this register by the CPU. The instruction and 
display data are distinguished by the 8-bit data and D/I signal and then a 
given operation is performed. Data is received at the fall of E signal when 


the CS is in the select state and R/W is write state. 


@Qutput Register 


The output register holds the data read from the display data RAM. After 
display data is read, the display data at the address now indicated is set in 
this output register. After that, the address is increased or decreased by 1. 
Therefore, when an address is set, the correct data doesn't appear at the 
read of the first display data. The data at a specified address appears at 


the second read of data. 


a 
pi 


























Address ee as eT NE? 
haa pe Data at address N+l 
r 

ore e Busy | Write Busy Read Busy Read Busy Data read 

cat check | address!| check | data check |data at] check | address 

N (dummy ) address Nt1 
N 
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@ x,Y Address Counter 


The XY address counter holds an address for reading/writing display data RAM. 
An address is set in it by the instruction. The Y address register is com- 
posed of a 50-bit UP/DOWN counter. The address is increased or decreased by 
1 by the read/write operation of display data. The UP/DOWN mode can be 
determined by the instruction or RST signal. The Y address register loops 
the values of 0 to 49 to count. The X address register has no count func- 


tion. 


@Display ON/OFF Flip Flop 


This flip flop is set to ON/OFF state by the instruction or RST signal. In 
the OFF state, the latch of display data RAM output is held reset and the 
display data output is set to 0. Therefore, display disappears. In the ON 
state, the display data appears according to the data in the RAM and is dis- 
played. The display data in the RAM is independent of the display ON/OFF. 


@UP/DOWN Flip Flop 


This flip flop determines the count mode of the Y address counter. In the UP 
mode, the Y address register is increased by 1. 0 follows 49. In the DOWN 
mode, the register is decreased by 1. 0 is followed by 49. 


@ Display Page Register 


The display page register holds the 2—bit data that indicates a display start 
page. This value is preset to the high order 2 bits of the Z address counter 
by the FRM signal. This value indicates the value of the display RAM page 
displayed at the top of the screen. 


@Busy Flag 


After the instruction other than Status Read is accepted, the busy flag is 
set during its effective period, and reset when the instruction is not effec- 


tive. The value can be read out on DB7 by the Status Read ‘instruction. 


The HD44102CH cannot accept any other instructions than the Status Read in 
the busy state. Make sure the busy flag is reset before the issue of in- 


struction. 
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SF pees ee eee 


Busy 
Be 33 Leet So] = ON BO)" 


1 < 
pvmnneeoeae ah ene ate 


Fd is $1, $2 frequency (half of HD44103CH 1 | 
oscillation frequency) 





@7Z Address Counter 


The Z address counter is a 5-bit counter that counts up at the fall of CL 
signal and generates an address for outputing the display data synchronized 
with the common signal. 0 is preset to the low order 3 bits and a display 
start page to the high order 2 bits by the FRM signal. 


@ Latch 


The display data from the display data RAM is latched at the rise of CL 
signal. 


@ Liquid Crystal Driver Circuit 


Each of 50 driver circuits is a multiplex circuit composed of 4 CMOS switches. 
The combination of display data from latchs and M signal causes one of 


the 4 liquid crystal driver levels, Vl, V2, V3 and V4 to be output. 


Ne 
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@Display RAM 


Relationship between Data in RAM and Display 
(Display start page 0, 1/32 duty) 





COM! 
COM2 
COM3 
COM4 Yai | & 
COM5 UD bith 
COM6 YY | || Y eigey 
COM7 yiiy splay pattern 
COM8 Sle See 
coms ——{ [T [ [J 
! ‘+ WA I a 
COM30 wy lt —-T | 
cons, — AGL: HEE 
OM 
, nel 4s ae a ie ae 
1 50 
LSB pte 
Do juno ieee Of 0}1| 
2. ——+ ft fof ofof rofoly 
D2 qquaonnon ee ee ae a 0} 0} 1] 
> TTS SE 
D, 
o, pHa fefofopry rofopt | 
RARE 
D, tfolotolt rofolt| Data in display 
Dr titi ofolofolol rofotol ad 
MSB Cy ow jo fo| 0] 0) ¥ 
—_ a 
a X= 2 
ae 
--------- X=3 





Yo Y; Yo Ys ¥4 Yaz Yas! Yao 


(Y address) 
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WIDISPLAY CONTROL INSTRUCTIONS 


(1) Read/Write Display Data SJ =ounle) 
MSB DB LSB 
R/W D/I 7 65 4 3 2 1 0 1 
1 1 (Display data) Read (CPU <« HD44102CH) 





0 1 (Display data) Write (CPU > HD44102CH) 


Sends or receives data to or from the address of the display RAM specified in 
advance. However, the dummy read may be required for reading display data. 


Refer to the description of the output register in the FUNCTION OF EACH BLOCK. 


(2) Display ON/OFF 


MSB DB LSB 
R/W D/I 7 6 5 4 3 2 1 «0 
0 0 0o0o01t1 1001 Display ON 
0 0 00111 0 0 0 Display OFF 


Controls the ON/OFF of display. RAM data is not affected. 


(3) Set X/Y Address 


MSB DB LSB Y address 
R/W D/I 7 6 5 4 3 2 1 =#0 
0 0 0 0 
0 0 0 1 Binary numbers 
0 0 1 0 of 0149 
0 0 1 21 


a 
X address Y address 
(page) (address) Display Data RAM 





(4) Display Start Page 


MSB DB LSB 
R/W D/I 7 6 5 4 3 2 1 =O 
0 0 0: 20, 2 ak a a a Os Seges Refer to Fig. A 
0 0 Oe ob le ob ok 2 Dees Refer to Fig. B. 
0 0 L Or 2b i ob. Sees Refer to Fig. C. 
0 0 dL. 4) 4 EE A Od Oe ees Refer to Fig. D. 
UuNH/,-~" 
Display 


start page 
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HD44102CH 


Specifies a RAM page displayed at the top of the screen. Display is as shown 
in Figs. A, B, C and D respectively. When the display duty is more than 1/32 
(For example, 1/24, 1/16), display begins at a page specified by the display 


start page only by the number of lines. 


Start page = page 0 





here when display 
(N=8, 12, 16, 24, 


32) 





Display Data RAM Liquid Crystal Screen 


Start page = page l 





B 
N 
C 
D 
A 
Display Data RAM Liquid Crystal Screen 
Start page = page 2 
A P oY Cc 
Fig. C bi N 
Page 1 D 
? 
ene HS eer 
Page 3 Al B 
Display Data RAM Liquid Crystal Screen 


Start page = page 3 





Display Data RAM Liquid Crystal Screen 
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(5) UP/DOWN Set 


MSB DB LSB 
R/W D/I 7 65 4 3 2 1 0 J =teu s(@)\\| 
0 0 003111011 UP mode | 
0 0 00111010 


DOWN mode 1 


Sets Y address register in the UP/DOWN counter mode. 





(6) Status Read 


MSB DB LSB 
R/W D/I 7 6 5 4 3 2 1 =0 
1 0 B UO R OO O QO 
U P F &E 
S / F § 
Y D/ £E 
0 O T 
W N 
N — 
Goes to "1" when RST is in the reset state 


(Busy also goes to "1"). 
Goes to "0" when RST is in the operating © 
state. 


Goes to "1" in the display OFF state. 
Goes to "0" on the display ON state. 


Goes to "1" when address counter is in the 
UP mode. 

Goes to "0'' when address counter is in the 
DOWN mode. 


Goes to "1" while instructions (1) V(5) are 
being executed. 

During "1", none of instructions (1) (5) 
are accepted. 
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MICONNECTION BETWEEN LCD DRIVERS (EXAMPLE OF 1/32 DUTY ) 


CRR C 


xt 
| To liquid crystal 
| display 
X20 f— To liquid crystal display 
SHL iB Voc 
HD44103CH M/S eS GND A is 
(Master) FS 
+ v1 Ys0 
FRM 
M 
HD 44102CH 
CL 
No. 1 
?; 
$2 


To liquid crystal display 





To liquid crystal 


display Y; Yso 
HD44103CH Xv 
(Slave) SHL @ Vcc FRM 
M/S Ss GND 
FS iB M 
i HD 44102CH 
DS. CL 
DS; & No. 2 
~; 
CR R C % 
Do 
open open 
Vcc 
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HD44102CH 


MB INTERFACE TO CPU 


(1) Example of connection to HD6800 






Decoder 





HD 44102CH 





HD 6800 


Example of Connection to HD6800 Series 


In the decoder given in this example, the addresses of HD44102CH in the 
address space of HD6800 are: 


Read/write of. display data : $'FFFF' 
Write of display instruction: $'FFFE' 
Read of status : S'FFFE' 


Thus, the HD44102CH can be controlled by reading/writing data at these 


addresses. 
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SECTION 


1 











HD44102CH 


(2) Example of connection to HD6801 


T4LS 154 









€10S)Sc1 
CRAW)SC2 


HD 6801 HD 44102CH 


No 1 


- The HD6801 is set to mode 5. P10%P14 are used as output ports, and 


P30 VP37 are used as data buses. 


*- The 74LS154 is a 4-to-16 decoder that decodes 4 bits of P10 VP13 to 
select the chips. 


- Therefore, the HD44102CH can be controlled by selecting the chips 


through P10 VP13 and specifying the D/I signal through P14 in advance 
and later conducting memory Read or Write for external memory space 


($0100 to $01FF) of HD6801. The IOS signal is output to SC1, and the 
R/W signal is output to SC2. 


- For further details on HD6800 and HD6801, refer to each manual. 
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HD44102CH 


MICONNECTION TO LIQUID CRYSTAL DISPLAY 


SECTION 


1 


HD 44103CH 
(Master) 


Liquid crystal display panel 
32 x150 dots 





HD 44103CH 
(Slave) 





Y; “~~ Yso 


HD 44102CH 
No. 3 


Y: ™~—— Yso 


HD 44102CH 
No. 2 






Y; i a Ys0 


HD 44102CH 
No. 1 






(a) Example of connection of 1/32 duty, 1-screen display 


Liquid crystal display panel 
16 x100 dots 


HD 44103CH 
(Master) 


HD 44102CH HD 44102CH 
No 1 No 2 





(b) Example of connection of 1/16 duty, l-screen display 
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HD 44102CH HD 44102CH HD 44102CH 
No 6 No? |-ccccc cco No. 10 
Y: ~~ _~—“Ys0 Yi~—™ Yo Y: ~——Yao 


a a 
O 
=) 
o 
= 
+ 
Qa 
ao 


Liquid crystal display panel 


64 x240 dots 


HD 44103CH 





Y,;—7 ™_Ys0 Y; a —— Yao Y; -———Y 40 
HD 44102CH HD 44102CH | --7 777 TT TTT HD 44102CH 
No. 1 No 2 No 5 


(c) Example of connection of 1/32 duty, 2-screen display 
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LIMITATIONS ON USING 4-BIT INTERFACE FUNCTION 


The HD44102 usually transfers display control data and display data via 8-bit ) = on gO) 
data bus. It also has the 4-bit interface function in which the HD44102 
transfers 8-bit data by dividing it into the high-order 4 bits and the low- | 1 


order 4-bits in order to reduce the number of wires to be connected. You 





should take an extra care in using the application with the 4-bit interface 


function since it has the following limitations. 
LIMITATIONS 


The HD44102 is designed to transfer the high-order 4-bits and the low-order 
4-bits of data in that order after busy check. The LSI does not work normally 
if the signals are in the following state for the time period (indicated with 
(*) in the figure) from when the high-order 4 bits are written (or read) to 
when the low-order 4 bits are written (or read); R/W = high and D/I =low 
while the chip is being selected (CS1=high and CS2=CS3=don't care, or 

CS1 = low and CS2 =CS3=high). 


EXAMPLE OF WRITING DISPLAY CONTROL INSTRUCTIONS 


l 

D/I / \ [ \ ] 
High order "Low order 
DB Ligus bits bits 


es a i * ft 


Pe) 
2 
o 9 
| 
i 
_-4 
oO 


| 

p24 eo 
BUSY — Writes high- Writes low- 
CHECK order bits order bits 


If the signals are in the limited state mentioned before for the time period 
indicated with (*) the LSI does not work normally. ‘Please do not make the 
signals indicated with dotted lines simultaneously. As far as the time 


period indicated with (**), there is no problem. 


The following explains how the malfunction is caused and gives the measures 


in application. 
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CAUSE 


Busy check checks if the LSI is ready to accept the next instruction or 
display data, by reading the status register of the HD44102. And at the same 
time, it resets the internal counter counting the order of high-order data 
and low-order data. This function makes the LSI ready to accept only the 
high-order data after busy check. Strictly speaking, if R/W = high and D/I= 
low while the chip is being selected, the internal counter is reset and the 
LSI gets ready to accept high-order bits. Therefore, the LSI takes low-order 
data for high-order data if the state mentioned above exist in the interval 


between transferring high-order data and transferring low-order data. 


MEASURES IN APPLICATION 


1) When HD44102 Controlled Via Port 
When you control the HD44102 with the port of a single-chip microcomputer, 


you should take care of the software and observe the limitations strictly. 


2) When HD44102 Controlled Via Bus 
a) Malfunction Caused by Hazard 


ee 
+ 


—w ho 
Example it 
Writing High-Order Data 


Hazard of input signals may also cause the phenomenon mentioned before. 
The phase shift at transition of the input signals may cause the 
malfunction and so the AC characteristics must be fully studied. 


b) Using 2-Byte Instruction 


cS i \ 
Address 2N 2N+1 


(D/T) 


DBo- 
a High-Order Low-Order 


Data Data 


Last 2 Machine Cycles of 
2-Byte Instruction 
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In the application with the HD6303, you can prevent malfunction by 
using 2-byte instructions such as STD and STX. This is because the 
high-order and low-order data are accessed in that order without a ) = Om WTO) 
break in the last machine cycle of the instruction and R/W and D/I do 


not change in the meantime. However, you cannot use the least signifi- 


1 


cant bit of the address signals as the D/I signal since the address for 





the second byte is added 1. And design the CS decoder so that the 
addresses for the HD44102 should be 2N and 2N+1, and that those addresses 
should be accessed when using 2-byte instructions. Fox example, in the 
figure shown following figure the address signal Aj is used as D/I 

Signal and A2 - Aj5 are used for the CS decoder. Addresses 4N and 

4N+1 are for instruction access and addresses 4N+2 and 4N+3 are for 


display data access. 
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HD44103CH——__—- 
(Dot Matrix Liquid Crystal Graphic 


Display Common Driver) 


DESCRIPTION 
The HD44103CH is a common signal driver for 


dot matrix liquid crystal graphic display 
systems. It generates the timing signals 
required for display with its internal 
oscillator and supplies them to the column 
driver (HD44102CH) to control display, also 
automatically scanning the common signals 
of the liquid crystal according to the 
display duty. It can select 5 types of 
display duties ratio: 1/8, 1/12, 1/16, 
1/24 and 1/32. 20 driver output lines are 





CFP — 60) 
provided, and the impedance is low (5002 


max.) to enable a large screen to be driven. 


@ FEATURES W@@ PIN ARRANGEMENT 
- Dot matrix liquid crystal graphic display 
common driver incorporating the timing 


generation circuit in it. 


+ Internal oscillator (Oscillation frequ- 
ency can be selected by attaching an 
oscillation resistor and an oscillation 


capacity) 
- Generates display timing signals. 


: 20-bit bidirectional shift register for 


generating common signals 


- 20 liquid crystal driver circuits with 


low output impedance 





- Selectable display duty ratio: 1/8, 1/12, (TOP V IEW) 
1/16, 1/24, 1/32 


- Low power dissipation 


- Power supplies: Vcc ...5V+102, 
VEE --- 0 to -5.5V 


* CMOS process 
- 60-pin plastic flat package 
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0088-685 (SL) © GI8L-GOOrE VO ‘AUegSIg © AMYq IWUlOd PUAIS 000 © Zeid INDE © ‘p}] BOVEY IyseYH 


Lez 








Vi Ve Vs Vo 20 output terminals 
KN) ee Rr re a ee ee X18 X19 X20 
Vsue (ae ane 
Vcc Liquid crystal display 
GNO driver circuits 
VEE 
OL Bidirectional shift 


register 


M 
Oscillator CL 
TC CO . 


R} CR Cc 


Rf Cr DS, 
M/S Fs DS, DS; ?: $2 





Logic 


SHL 


Logic 
i" 
Rese 
oO 
2 





” 
m 
© 
= 
oe) 
Zz 





WYYOVId A0018H 


HOtcolrvvdH 








HD44103CH 





@ TERMINAL ARRANGEMENT LIST 








Power sup- Power sup- 
jm fptys chose, Taree | output | | wm Pe tote 
i ee ee ee 
es a eee eee: 2 aa j 
2 eee eS ie ee Ss ein | 
2 ae eee ee 
2 ee ees ee ee ee ees, 
cy ee eee e's: ee es 
N.C. aC. 
Ajo X 8 
rene pene ee c 39 
cl a ee ee ES a a) ee 
ct a eee ee es ee ae ee eee 
N.C. ee ee ee 
13 N.C. 4a] UT FRM 
N.C. Cael ns eo OMe ee coe ual 
is —_ T's SUES aa 
ce a er eS” 
ie Cie ee ee 
PB X 2 Et eee (eee 
ees 0 Tao] | ms | | 
foatovuw | | 50, OL CL. | 
N.C. 
N.C. 
cae ae 
7a eee ee 
Pt ee ee 
(26| Vee | sist 
7 es) eee +) PO DD oy 
za ae 
| 29 | Vsus_ || ~Connect to Vcc. 
30) Ro | 60 | 


(Note) N.C.: Unused terminal. Don't connect any wire to these terminals. 
Connect VsuB to Vcc: 
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@ ABSOLUTE MAXIMUM RATINGS 


sa 
Supply voltage (1) -0.3 % +7.0 
75 






SECTION 





1 








[Uede | 
C 


Note 1: Referred to GND=0. 





Note 2: Applied to input terminals (except V1, V2, V5 and V6) and 1/0 common 
terminals. 


Note 3: Applied to terminals V1, V2, V5 and V6. 


Note 14: Connect a protection resistor of 22095Z to VEE power 
supply in series. 


@ ELECTRICAL CHARACTERISTICS 


(Vcec=+5Vt10%, GND=OV, VeR=0 to -5.5V, Ta=-20 to +75°C) (Note 4) 





Input "low" voltage 0.3XVoac 


<j 
ei 
os 


© 
= 


et 







Output "high" voltage Vou | Ioq=-400uA Vcc-0.4 el 
Output "low" voltage VoL | Io,=+400uA oe: fee | 
VEE=—5V£10Z,Load 

current +150uA 


ma [rorteome | 2 | 
tort |i cies wis | = |= 


R¢=68k222 
fOSC | ce=10pF+5% 300 |430| 560 | kHz 


Duty 


a) 
i) 
oO 


Vi-Xj ON resistance 
Input leakage current (1) 


Input leakage current (2) 






x 
ae) 
N 


ea 
© we] 


Shift frequency 


Oscillation frequency 








External clock operating 
frequency 


External clock duty 


External clock rise time | trep 


External clock fall time tfep 


rh a 
Q © 





Ww wn un 
(>) i) nn 


© HITACHI 
Hitachi America Ltd. ¢ Hitachi Plaza © 2000 Sierra Point Pkwy. « Brisbane, CA 94005-1819 (415) 589-8300 233 








HD44103CH 


master) wl |430kHz 
Dissipation power P 
(slave) w2 












Frame frequency 
=70Hz 






Note 4: Specified within this range unless otherwise noted. 

Note 5: Applied to CR, FS, DS1 to DS3, M, SHL, M/S, CL, DR and DL. 

Note 6: Applied to DL, DR, M, FRM, CL, $1 and #¢2. 

Note 7: Applied to input terminals CR, FS, DS1 to DS3, SHL and M/S, and I/0 
common terminals DL, DR, M and CL at high impedance. 

Note 8: Applied to Vl, V2, V5 and V6. 


Note 9: Shift operation timing 


DL/DR 





Note 10: Relationship between oscillation frequency and R¢£/Cf 


CR oscillator 


The values of Rf and Cf are typical values. 
The oscillation frequency varies with the 
R¢ 4 mounting condition. Adjust oscillation 
frequency to a required value. 





500 
400 
fosc 300 
(kHz) 200 
100 
50 100 150 (ka) 
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Note ll: 


SECTION 


1 





_ th 
Duty hhh 
trep tfep 
open Cc 
open R 


External clock CR 


Note 12: Measured by Vcc terminal at output non-load of Re=68k242% and 
Ce=l0pF+5Z, 1/32 duty in the master mode. Input terminals 
must be fixed at Voc or GND while measuring. 


Note 13: Measured by Vcc terminal at output non-load, 1/32 duty, frame 
frequency of 70Hz in the slave mode. Input terminals must be 
fixed at Vcc or GND while measuring. 


@ TERMINAL FUNCTIONS 


Liquid crystal display driver output. 
Relationship among output level, M and data (D) in 
shift register. 


CR oscillator 


1/0 | Signal for converting liquid crystal display driver 
signal into AC 


Master: Output terminal 
Slave : Input terminal 
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HD44103CH 
terminals 
CL 1 t/o | Shift register shift clock. 
Master: Output terminal 
Slave : Input terminal 


DS1.DS3 3 I 










Display 


| vst df ct ln | etal la] 
Ig DSS | Ae |L | #| 
Lee fe ayy 


Frequency select. 







rej 3 
& E 
(0) 
ry 
Ky 
E 
@ 
i) 
ad 
gq 
3 
© 
ke 
go 
pe 
wf 
ae) 
— 
eh) 
< 
13] 
3 
Q 
lon 
i] 
ie) 
3 
Oo 
& 
n 
” 
fe 
gq 
3 
fab) 
am 






| 
n 
oy 
tH 





The relationship between the frame frequency fprpy 
and the oscillation frequency fosc is as follows: 


FS="H"': fosc = 6144 x frp eee (1) 
FS="L":  fogc = 3072 x fppy --- (2) 








When FS="H", adjust Rf and Cf so that 
the oscillation frequency is approx. 
430kHz if the frame frequency is 70Hz. 


Example 2) When FS="L", adjust Rf and Cf so that 
the oscillation is approx. 215kHz, in 
order to obtain the same display wave- 
forms as Example 1. When compared with 
Example 1, the power dissipation is 
reduced because of the operation at 
lower frequency. However, the operating 
clocks $1 and $2 supplied to the column 
driver have lower frequencies. There- 
fore, the access time of the column 
driver HD44102CH becomes longer. 


DL, DR Data I/O terminals of bidirectional shift register. 


SHL 1 I Shift direction select of bidirectional shift 
register. 
Shift direction 
(oie DL + DR 


Example 1) 
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Terminal|Number of 1/0 Function 
name terminals 


M/S 1 I | Master/slave select. 
M/S="H": Master mode 
The oscillator and timing generation circuit 
| operate to supply display timing signals to | 
the display system. Each of I/O common ter- 
minals, DL, DR, M and CL is placed in the 
output state. 
M/S="L": Slave mode 

The timing generation circuit stops operating. 
The oscillator is not required. Connect ter- 
minal CR to Vcc. Open terminals C and R. 
One (determined by SHL) of DL and DR, and 
terminals M and CL are placed in the input 
state. Connect M, CL and one of DL and DR of 
the master to the respective terminals. 
Connect FD, DS1, DS2 and DS3 to Vcc. 

When display duty ratio is 1/8, 1/12 or 1/16, one 

HD44103CH is required. Use it in the master mode. 

When display duty ratio is 1/24 or 1/32, two 

HD44103CHs are required. Use the one in the master 

mode to drive common signals 1 to 20, and the other 

in the slave mode to drive common signals 21 to 24 

(32). 


_ aay 
v1, V2, 4 

V5, V6 
Vcc 3 

GND 

VEE 






















SECTION 





I 








Operating clock output terminals for HD44102CH. 








The frequencies of $1 and $2 become half of 
oscillation frequency. 
Liquid crystal display driver level power supply 
Vl and V2: Selected level 
V5 and V6: Non-selected level 
Power supply. 


Vcc-GND: Power supply for internal logic 
Vcc-Vez: Power supply for driver circuit logic 
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@BLOCK FUNCTIONS 


Oscillator 


The oscillator is a CR oscillator that attaches an oscillation resistor Rf 

and oscillation capacity Cf. The oscillation frequency varies with the values 
of Rf and Cf and the mounting conditions. Refer to ELECTRICAL CHARACTERISTICS 
(Note 10) to make proper adjustment. 


Timing Generation Circuit 


The timing generation circuit divides the signals from the oscillator and 
generates display timing signals (M, CL and FRM) and operating clock (41 and 
$2) for HD44102CH according to the display duty ratio set by DS1 to DS3. 

In the slave mode, this block stops operating. It is meaningless to set FS, 


DS1 to DS3. However, connect them to Vcc to prevent floating current. 


Bidirectional Shift Register 


This is a 20-bit bidirectional shift register. The shift direction is 
determined by the SHL. The data input from DL or DR performs a shift opera-~ 
tion at the rise of shift clock CL. 


Liquid Crystal Display Driver Circuit 


Each of 20 driver circuits is a multiplex circuit composed of four CMOS 
switches. The combination of the data from the shift register with M signal 
allows one of the four liquid crystal display driver levels Vl, V2, V5 and 


V6 to be transferred to the output terminals. 


@ APPLICATIONS 


Refer to the applications of the HD44102CH. 
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HD44105H 
(Dot Matrix Liquid Crystal Graphic 


Display Common Driver) SECTION 


DESCRIPTION 
The HD44105H is a common signal driver 


I 


for LCD dot matrix graphic display systems. 





It generates the timing signals required 
for display with its internal oscillator 
and supplies them to the column driver 
(HD44102H) to control display, also 
automatically scanning the common signals 
of the liquid crystal according to the 


display duty. 





It can select 7 types of display duty 1/8, 
1/12, 1/16, 1/24, 1/32, 1/48 and 1/64. 
It provides 32 driver output lines and the 
impedance is low (1k2 max) enough to make 
| @ Pin Arrangement 
a large screen driven. 


MM FEATURES 


* Dot matrix graphic display common driver 


including the timing generation circuit. 


* Internal oscillator (Oscillation fre- 
quency is selectable by attaching an 
oscillation resistor and an oscilla- 


tion capacity.) 


ONNMOKXKK KK &K XK 


NNNWUNZ RH A=vw aan 


* Generates display timing signals. 





* 32-bit bidirectional shift register 


ODNOO 
a 


| 


for generating common signals. ; 


~” 
~ 
@ 


32 liquid crystal driver circuits with 
O_O 
low impedance. isseu> 22200 


* Selectable display duty ratio : 1/8, 
1/12, 1/16, 1/24, 1/32, 1/48, 1/64. 


(Top View) 


* Low power dissipation 


Power supplies : Vcc +5V + 10% Note) NCs show unused terminals. 


VEE = 0 ~ -5.5V Don't connect any lines to 
them in using this LSI. 


CMOS process 
* 60-pin flat plastic package 
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Voc 


VEE 


DL 


SHL 





V1V2V5 V6 32 output terminal 
K1 x2---24 Output terminals v5 ¥31 x32 


| LL Liquid crystal oe =e 
driver circuits 
oe) Bidirectional shift 2 
register 


M 
a 
een . 


ane 2 | 
STB M/S FS1FS2 DS, DS3 ol g2 


Logic 










Oscillato 


R 


WYYOVIG A018 mm 


HSOlL~7VCH 





HD44105H 





Mi ABSOLUTE MAXIMUM RATING (Ta = 25°C) 





Item Symbol Ratings Unit Note J ston mle) 
Supply voltage (1) Vec -0.3 v +7.0 V 1 


1 


Supply voltage (2) | VEE | Vece-13.5 © Vect0.3 


VEE 
Terminal voltage (1) VTl -0.3 % Vec+0.3 
T2 


Terminal voltage (2) V VEE-0.3 ~ Vect+0.3 
Operating temperature Topr -20 ~ +75 


Storage temperature Tstg ~55 % +125 ni 


(Note 1) Referred to GND = OV. 


Qo 





° 
bod 
NO 





(Note 2) Applied to input terminals (except for Vl, V2, V5 and V6) and 1/0 


common terminals. 


(Note 3) Applied to terminals V1, V2, V5 and V6. Connect a protection 
resistor of 472 + 10% to each terminal in series. 
WM ELECTRICAL CHARACTERISTICS (Vcc=+5V+10%, GND=OV, VEE= 0% -5.5V, 
Ta= -20 ~ +75°C) (Note 5) 


Input "High" Voltage | ViH pT xVee 


3 
oO 
1e) 
e 
Jj 
@ 
n 
ct 
OQ 
ie) 
ae) 
Qu 
- 
ct 
_ 
Oo 
B 


Item 


€ 
<j 
Q 
Q 
oN 


“SENET ON 


Input "Low" Voltage | VIL Bee 


Output "High" Voltage| VoH | lon=-400uA 


Output "Low" Voltage Vor | Io, =400pA 
& 


Vi-Xj ON Resistance | Roy VEE=—5V+t10Z, 
Load Current 
+ 150pA 


Input Leakage I, ViIN=Vec ~ GND 
Current (1) 
I 


Vin=Vec Vv VER 


cc-0. 


ain 
p tates 
Co 
a 





- 
= Cc 
oO 


Gl 7 
Input Leakage I L2 = 
Current (2) 


Oscillation fosc R£=68k2+2Z, 3 
Frequency Cf=lOpF+52% 


E 


kHz | 10 


4,30 kHz | ll 


1 
5 
00 


External Clock fop 50 560 kHz 12 
Operating Frequency 
; CP 
Time 
External Clock Fall tf op 50 ns 12 
Time 
Dissipation Power Pl CR Oscillation 4.4 mW 13 
(master) 430kHz 
Dissipation Power Py Frame 70Hz lel mW 14 
W2 
(Slave) 
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(Note 5) Specified within this range unless otherwise noted. 


(Note 6) Applied to CR, FS1, FS2, DS1 to DS3, M, SHL, M/S, CL, DR, DL and 
STB. 


(Note 7) Applied to DL, DR, M, FRM, CL, ¢1 and 92. 


(Note 8) Applied to input terminals CR, FS1, FS2, DS1 to DS3, SHL, M/S 
and STB and I/0 common terminals DL, DR, M and CL at high 


impedance. 
(Note 9) Applied to V1, V2, V5 and V6. 


(Note 10) Shift operation timing. 


DL DR 
0./7Vcc 
CL 
0.3Vcc 





(Note 11) Relation between oscillation frequency and RF, Cf. 


The values of Rf and Cf are typical 


values. The oscillation frequency 


Connection R 
varies with the mounting condition. 
Ris ©1 Adjust oscillation frequency to a 
CR required value. 
(kHz) Vec=5V 


Ta=+25°C 


fosc 





0 50 100 150 (k2) 
Rf 
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HD44105H 


(Note 12) 


SECTION | 


Tb 
Th-T1l 





open C 
open R 
External clock CR 


(Note 13) Measured by Vcc terminal at output non-load of Rf=68k2+2% and 
Cf=10pF+5Z, and 1/32 duty in the master mode. 


Input terminals are connected to Vcc or GND. 


(Note 14) Measured by Vcc terminal at output non-load, 1/32 duty and frame 
frequency of 7OHz in the slave mode. 


Input terminals are connected to Vcc or GND. 
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MM TERMINAL FUNCTION 


Terminal Number of 1/0 Runeeson 
. Name terminals 


a Xl v X32 32 Liquid crystal display driver output. 
| Relation among output level, M and data(D) in 
shift register. | 
a Soa a ee ee 
, D | 1 | 0 | 1 0 | 
Output level v2 V6 V1 V5 


CR,R,C 3 Oscillator. | 
Rf Cf 
| CR Oscillator 
R CR C 


1 1/O| Signal for converting liquid crystal display 
driver signal into AC. 
Master: Output terminal 
Slave : Input términal 
CL 1 1/O| Shift register shift clock. 
Master: Output terminal 
| Slave : Input terminal 


| orm | 2 | | Frame signal, Display synchronous signal 


DS1~DS$ 3 Display duty ratio select. 


FS1VFS2 2 I | Selects frequency. 
The relation between the frame frequency f 
: . : FRM 
and the oscillation frequency f 1s as 
OSC 
follows. 
fosc: Oscillation frequency 
frrm: Frame frequency 
fy : M signal frequency 
fcp : Frequencies of $1 and $2 
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HD44105H 








Terminal Number of 
Name terminals 
i | | 





Input terminal for testing. 
Connect this terminal to Vcc. 






, 





1 


















DL, DR 2 I/O | Data I/O terminals of bidirectional shift 
register. 
SHL 1 iL Selects shift direction of bidirectional shift 
register. 
Shift direction 
DL + DR 
M/S 1 I Selects Master/Slave. 






M/S='H': Master mode 
The oscillator and timing generation circuit 
operate to supply display timing signals to 
the display system. Each of I/O common 
terminals, DL, DR, M and CL is in the output 
State. 

M/S='L': Slave mode 
The timing generation circuit stops operating. 
The oscillator is not required. Connect ter- 
minal CR to Vcc. Open terminals C and R. One 
(determined by SHL) of DL and DR, and ter- 
minals M and CL are in the input state. 
Connect M, CL and one of DL and DR of the 
master to the respective terminals. Connect 
FS1, FS2, DS1, DS2, DS3, STB to Vcc. 

When display duty ratio is 1/8, 1/12, 1/16, 
1/24, 1/32, one HD44105H is required. Use 
it in the master mode. 

When display duty ratio is 1/48, 1/64, two 
HD44105Hs are required. Use one in the 
master mode to drive common signals 1 to 32, 
and another in the slave mode to drive 

common signals 33 to 48(64). 


































Operating clock output terminals for 
HD44102CH. The frequencies of $1 and $2 are 
half of oscillation frequency. 







Liquid crystal display driver level power 
supply 

Vl and V2 : Selected level 

V5 and V6 : Non-selected level 











Power supply 
Voc - GND : Power supply for internal logic. 


Vec 7 VER : oe supply for driver circuit 
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Mi BLOCK FUNCTIONS 


Oscillator 


A CR oscillator that attaches an oscillation resistor Rf and an 
oscillation capacity Cf. The oscillation frequency varies with the 
values of Rf and Cf and the mounting conditions. Refer to ELECTRICAL 
CHARACTERISTICS (Note 11) to make proper adjustment. 


Timing Generation Circuit 


This circuit divides the signals from the oscillator and generates 
display timing signals (M, CL and FRM) and operating clock ($1 and 92) 
for HD44102CH according to the display duty ratio set by DS1 to DS3. 
In the slave mode, this block stops operating. It is meaningless to 
set FS1, FS2 and DS1 to DS3. However, connect them to Vcc to prevent 


floating current. 


Bidirectional Shift Register 


A 32-bit bidirectional shift register. The shift direction is deter- 
mined by the SHL. The data input from DL or DR performs a shift 


operation at the rise of shift clock CL. 


Liquid Crystal Display Driver Circuit 


Each of 32 driver circuits is a multiplex circuit composed of four CMOS 
switches. The combination of the data from the shift register with M 
signal allows one of the four liquid crystal display driver levels Vl, 


V2, V5 and V6 to be transferred to the output terminals. 
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HD44105H 









32 x 250 Dots 
1/32 Duty 
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HD61100A 
(LCD Driver with 80- Channel Output) 
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serial display data from a micro 


DESCRIPTION 
The HD61100A is a driver LSI for liquid 


crystal display systems. It receives 


computer or a display control LSI, 
HD61830, etc., and generates liquid 


crystal driving signals. 


It has liquid crystal driving outputs 
which corresponds to internal 80-bit 


flip flops. Both static drive and (FP-100) 





dynamic drive are possible according to 
the combination of transfer clock 


frequency and latch clock frequency. 


M@ FEATURES Mi PIN ARRANGEMENT 


Liquid crystal display driver with 


serial/parallel conversion function. 


Internal. liquid crystal display driver 
..e..- 80 drivers 
Display duty 


Any duty is selectable according to 
combination of transfer clock and latch 


clock. 
Data transfer rate .... 2.5 MHz max 


Power supply 
Vee - +5V+10% (Internal logic) 
VEE - 0% -11.5V (Liquid crystal 





display driver circuit) 


Liquid crystal driving level....17.0V max. 


(Top View) 


CMOS process 


* 100-pin flat plastic package (FP-100) 
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ME ABSOLUTE MAXIMUM RATINGS | 


Item Symbol Unit Note 
Supply voltage (1) 
Terminal voltage (2) 
Operating temperature | Topr C 
Storage temperature Tstg =G 


(Note 1) LSI's may be permanently destoryed if being used beyond the 


Supply voltage (2) 


Terminal voltage (1) 





Vcc 
VEE 
VPI 
Vig 


Ro 
Ww 


V 
V 
V 
V 


absolute maximum ratings. In ordinary operation, it is 
desirable to use them within the limits of electrical 
characteristics, because using beyond these conditions may cause 


malfunction and poor reliability. 
(Note 2) All voltage values are referred to GND=0V. 


(Note 3) Applies to input terminals, FCS, SHL, CL1, CL2, DL, DR, E and 
M. 


(Note 4) Applies to VL Vir V2L> V.2R, V3L> V3R, V4L and VaR. Mus t 
maintain . 
Vec2V1L=VLR2V 3L=V3R2V4L=V4R2V2L=V2R2 VEE- 
Connect a protection resistor of 152+10% to each terminals in 


series. 
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HD61100A 


Mi ELECTRICAL CHARACTERISTICS 


@ DC CHARACTERISTICS | 
(Vec=5V#10%, GND=OV, Vep=0v-11.5V, Ta=-20.+75°C) 


Input "High" voltage | YH | | O-7a¥ec| - | 

3% 
Input "Low" voltage | YL | | =| = KCC 
Output "High" voltage 1o4=-400NA Vcc-0.4 Es 
Output "Low'' voltage Toy =+400uA 


Ron Load current= 
100A 



















Driver ON Resistance 





: 
z 
Dissipation Gorrent@)|'gm | ___[ = 


(Note 1) Applies to CL1, CL2, FCS, SHL, E, M, DL and DR. 





(Note 2) Applies to DL, DR and CAR. 
(Note 3) Applies to Yl ~ Y80. 
(Note 4) Applies to Vit» Vir» Vat» V2R> V3n> V3R> Van and Vyp. 
(Note 5) Specified when display data is transfered under following 
conditions. 
: CL2 frequency fcopy = 2.5MHz (data transfer rate) 
CL1 frequency fcp, = 4.48kHz (data latch frequency) 
M frequency fm = 30Hz (frame frequency/2) 
Specified when Vzq=Vocq» Vyzz,=GND and no load on outputs. 
Ienp * currents between Vcc and GND. 
Igf : currents between VCC and VEE. 
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HD61100A 


@ AC CHARACTERISTICS 
(Vcc=5V+10%, GND=OV, VepsOVe-11.5V, Ta=-201+75°C) 





SECTION 


cr 
@ 


[Glock tow level widen |e 


1 





Clock phase different time 


Wo Wo 
o>) © 
1?) 4) 0) Os) n Mm. | M ” ” ~” n n 


Ww 
i) 
fo) 





(Note 1) The following load circuits are connected for specification: 


test point 
tct tect | 


30pF 









CL1 
tc tsch CHCL Ceyc 
VIH 
: psu 
CWH t 
tet tet ae as 
- , 
IL 
see OY 
cht TB \ var 
VI 
CL2 Ly 3 
cai t 
E es 
tEsu 
VI 
M Xvi 
tcmM 
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CL1 


DL 
DR 


SHL 
CL2 


FCS 









VinVoLV3nV4n YlY2 YEO Vi oR aR Y GR. 


1]2]3]4]5]6| |e: Liquid crystal display 771780 
idriver circuit 


Latch circuit 2 
sf} |é fst] |sfsoses ' * _ fparafeo “er 


ore l |, |Latch circuit 1 I7Q!79! 
1,2,3,4 5, 617/8 ae eerie 
am: . 
pe eer 











Test input 


Ca at ot een cer ee — Control circuit 


WWYOVId 10018 


VOOLL9CH 





HD61100A 


M@ BLOCK FUNCTION 





@ Liquid Crystal Display Driver Circuit SECTION 


The combination of the data from the latch circuit 2 and M signal causes 


one of the 4 liquid crystal driver levels, Vl, V2, V3 and V4 to be output. 1 


@® 80-bit Latch Circuit 2 





The data from latch circuit 1 1s latched at the fall of CL1 and output to 


liquid crystal display driver circuit. 
@s/P 


Serial/Parallel conversion circuit which converts 1-bit data into 4-bit 
data. When SHL is "L" level, data from DL is converted into 4-bit data 
and transferred to the latch circuit 1. In this case, don't connect any 
lines to terminal DR which is in the output status. 

When SHL is "H" level, input data from terminal DR without connecting 


any lines to terminal DL. 


e 80-bit Latch Circuit | 


The 4-bit data is latched at $1 ~ $20 and output to latch circuit 2. 
When SHL is "L" level, the data from DL are latched one in order of 
17273 ... %80 of each latch. When SHL is "H" level, they are latched in 
a reverse order (8077978 ... >1). 


e Selector 


The selector decodes output signals fromthe counter and generates latch clock 
$1 to $20. When the LSI is not active, $1 V $20 are not generated, so the 


data at latch circuit 1 is stored even if input data (DL, DR) changes. 


@® Control Circuit 


Controls operation : When E-F/F (enable F/F) indicates "1", S/P 
conversion is started by inputting "L" level to E. After 80-bit 

data has been all converted, CAR output turns into "L" level and 

E-F/F is reset to "0", and consequently the conversion stops. E-F/F 
is RS flip-flop circuit which gives priority to SET over RESET and 

is set at "H'" level of CLI. 

Counter consists of 7 bits, and the output signals of upper 5 bits are 
transferred to the selector. CAR signal turns into "H" level at the 
rise of CL1 and the number of bit which can be S/P-converted increases 


by connecting CAR terminal with E terminal of the next HD61100A. 
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M TERMINAL FUNCTIONS DESCRIPTION 
name terminals to 


voc Power Vcc-GND : Power supply for internal logic 
puppy Vac7Yer : Power supply for LCD drive 

a CC EE ; . 

EE clrecult 7 | 


Viv’Var ace 
su 
V1IRYV4R pees 


. l | 


Controller | Latch clock of display data (fall edge 
trigger). 
Synchronizing with the fall of CLI, 
liquid crystal driver signals 
corresponding to the display data are 
output. 

Controller | Shift clock of display data (D) 
Fall edge trigger 
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Power supply for liquid crystal drive 
Viz (Vig), Voz, (VaR)...selection level 
V3, (V3R), V4L (V4r)..-non-selection level |. 
Power supplies connected with V}y, and 


Vir (Vaz & Vor,» V3 & V3R, Var & V4R) 
should have the same voltages. 





Liquid crystal driver outputs 





Selects one of the 4 levels, V1, V2, V3 
and V4. | | 





Relation among output level, M and display 


data (D) is as follows. 





Output ; 
Tegal [wa v3 [v2 |v4| 


Switch signal to convert liquid crystal 












drive waveform into AC. 











HD61100A 


Terminal |Number of 1/0 ee mae 
name terminals unctions 


DL, DR I/O | Controller ae of serial Input of serial display date @) data (D) SECTION 
1 
| fiigeid output | display 

reania [ 
level 
ae 
level 
I/O status of DL and DR terminals depends 
on SHL input level. 
a 
[wie [ef 
[eter [fe 
Fegan 
Voc or GND Selects a shift direction of serial data. 
When the serial data (D) is input in 
order of D1l+--->D80, the relations 
between the data (D) and output Y are as 
follows. 
When SHL is "L", data is input from the 
terminal DL. Any lines should not be 
connected to the terminal DL, as it is 
in the state of output. 
When SHL is "H", the relation between 
DL and DR reverses. 


1 I | GND or the | Controls the S/P conversion. 
terminal see ° it 
CAR of the The operation stops with "H" level, and 
HD61100A the S/P conversion starts with "L" level. 
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HD61100A 
ieee” [| _tessee 
Functions 
name terminals 


the input | Used for cascade connection with the 
terminal E HD61100A to increase the number of 
of the 

HD61100A bit which can be S/P converted. 


















GND Input terminal for test. 






Connect to GND. 





ME THE OPERATION OF THE HD61100A 


The following is the LCD panel with 64 x 240 dots on which characters are 
displayed with 1/64 duty dynamic drive. Fig. 1 is an example of liquid 
crystal display and connection to HD61100A's. Fig. 2 shows a time chart of 
I/O signals of HD61100A. 
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HD61100A 





l, i L,; 


1, l, I Ls by 
cee oe ______| 160 | 161 240 
eee ae i oe D. Voy 2 
COM3 3, | 3; 3, 3, 
1 | 2 80 240 


Yl Y2 Y80] /Y1l Y2 Y1 Y80 









HD61100A (NO.1) HD61100A (NO. 2) 


HO ai ed 
Ind saoaees 


HD61100A (NO.3) 


Bo aoe 
Mnm SOUR A 


© 
MO Oo°O 
2s 


cL ¢ a 


DATA O 





HO Goa 
O aid a 
MWonmweOOA AIO 





Cascade three HD61100As. Input data to the terminal DL of NO.1, NO.2 and 
NO.3. Connect E of NO.1 to GND. Don't connect any lines to CAR of NO.3. 
Connect common signal terminals (COM1 ~ COM64) to Xl ~ X64 of common driver 


HD61103A. (m,n) of LCD panel is the address corresponding to each dot. 


Fig. | LCD driver with 64 x 240 dots 
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Timing chart in the example of connection of Fig.1. 
address (m,n) of LCD panel. 


Fig. 2 HD61100A Timing Chart 


Timing 
chart 

of 
horizontal. 
direction 


Timing 
chart 

of 
vertical 
direction 


Timing 
chart 
of 
liquid 
crystal 
display 
driver 
output 


DL input (m,n) is the data which corresponds to each 


VOOTL9GH 








HD61100A 





Ml EXAMPLE OF APPLICATION 
SECTION 


e An example of 128 x 240 dot liquid crystal display (1/64 duty) | 


240 dots 














Y80 =, 

nd 

I oO 

hy 

Qu 

om) 

rr © 

wow DB 

~Y © 

DATA(1 )o 
(yc ees 
chic on 
CL20 Palas 
DATA (2)o 
iL ma 1—4 an 5 
raiN 

aga Ag Fs 

e a 

HD61100A NO.6 eat 

“i 

— 


Liquid crystal panel is divided into upper and lower parts. These two 
parts are driven separately. HD61100As of No.1 ~ No.3 drive upper half. 
Serial data, which are input from DATA(1) terminal, appear at Y; * Yo > -- 
Yeo terminal of No.1, then at Y, > Y2 >-- Ygo of No.2 and then at Y1 > 

Y, > -- Ygy of No.3 in order where they were input. (in the case of 
SHL=L). HD61100As of No.4 ~ No.6 drive lower half. Serial data, which 
are input from DATA(2) terminal, appear at Ygo * T7y + -- Yq of No.4, 

then at Yso *~ Y79 > -- Yi of No.5 and then Ygo > Y79 > -- Y, of No.6 in 
order where they were input (in the case of SHL=H). 

As shown in this example, PC board for display divided into upper and 


lower half can be easily designed by using SHL terminal effectively. 
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HD61100A 


e Example of 64 x 150 dot liquid crystal display (1/64 duty, SHL=L) 


150 dots 








Liquid crystal display panel 64 dots 


HD61100A No.1 HD61100A No.2 


4—bit parallel process is used in this LSI to lessen the power dissipation. 
Thus, the sum of the dots in lateral direction has to be multiple of 4. 


If not, as this example, consideration is needed to input signals. 


pata XUX2X? RLU SKINS? 
PT Effective data 


As the sum of dots in lateral direction is 150, 2 more dummy data bits 





ae 
data 


are transferred. (152=4 x 38). 
Dummy data, which is output from Y71 and Y72 of NO.2, can be either "0" 


or "1" because these terminals do not connect with the liquid. crystal 


display panel. 
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HD61102 
(Dot Matrix Liquid Crystal Graphic 
Display Column Driver) 


DESCRIPTION 
HD61102 is a column (segment) driver for 


dot matrix liquid crystal graphic display 


systems. It stores the display data 





transferred from a 8-bit micro-computer 
in the internal display RAM and generates 
dot matrix liquid crystal driving 


Signals. 





Each bit data of display RAM corres- (FP-100) 
ponds to ON/OFF of each dot of liquid 
crystal display to provide more 
flexible display. 

M@ PIN ARRANGEMENT 
As it is internally equipped with 64 
output drivers for display, it is 
available for liquid crystal graphic 


display with many dots. 


The HD61102, which is produced in the 
CMOS process, can accomplish a portable 
battery drive equipment by combining 

a CMOS micro-computer, utilizing the 
liquid crystal display's lower power 


dissipation. 


Moreover it can facilitate dot matrix 


liquid crystal graphic display system 





configuration by combining the row 


(common) driver HD61103A. (Top view) 
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HD61102 | | ‘ 


Mi FEATURES 


e Dot matrix liquid crystal graphic display column driver incorporating 


| display RAM. 


e@ RAM data direct display by internal display RAM 
RAM bit data "1" ..... Sigal “ON 
RAM bit data "0" .......... OFF 





e Internal display RAM address counter 


preset, increment 
e Display RAM capacity .......e6. 512 bytes (4096 bits) 
e 8-bit parallel interface 
e Internal liquid crystal display driver circuit ...... ieee. 64 


e Display duty 
Combination of frame control signal and data latch synchronization 
signal make it possible to select out of static through an optional 


duty. 


e Wide range of instruction function 
Display Data Read/Write, Display ON/OFF, 
Set address, Set Display Start line, 
Read Status 





e Lower power dissipation during display 2mW max 





+5V + 102 
OV ~ -10V 


e Power supply Vec 
VEE 





e Liquid crystal display driving level——15.5V max 
e CMOS process 


e 100 - pin flat plastic package (FP-100) 
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HD61102 





M ABSOLUTE MAXIMUM RATINGS 


-0.3 % +7.0 


Veg -16.5 % Vec +0.3 


Terminal voltage (1) fn VEE -0.3 v Vcc +0.3 V 4 


Terminal voltage (2) -0.3 © Vcc +0.3 
Operating temperature a -20 v +75 
Storage temperature Tstg -55 v +125 


(Note 1) LSI's may be destroyed for ever, if being used beyond the absolute 


Supply voltage 





No 
= lo 
nn 


maximum ratings. 

In ordinary operation, it is desirable to use them observing the 
recommended operation conditions. 

Using beyond these conditions may cause malfunction and poor 


reliability. 
(Note 2) All voltage values are referred to GND=OV. 
(Note 3) Apply the same supply voltage to Vg 1 and VEE2. 


(Note 4) Applies to VIL, V2L, V3L, V4L, V1R, V2R, V3R and V4R. 
Maintain 
Vec2V1LL=V1LR2V3L=V3R2V4L=V4R2V2L=V2R2VEE 


— tee 


(Note 5) Applies to M, FRM, CL, RST, ADC, $1, $2, CS1, CS2, CS3, E, R/W, 
D/I, ADC and DBOV7. 
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M@ ELECTRICAL CHARACTERISTICS 
(GND=0V, VCC=4.5 ~ 5.5V, VEE=0.-10V, Ta=-20%+75°C) 


| typ | max 


aoe 7avec 


ITOH=—-205pA 
ITOL=1.6mA 


Input leakage current Vin=GNDvVcc 


Three state (OFF) 
input current *TSL saints: 
Liquid crystal supply Vin=VEEVVcc 


leakage current 
a ret 


+1) oap=0- 1lmA 


Iec(1) | During display 


acces 
cycle 
1MHz 


eae 8 


Unit | Note 


Input "High" voltage Vcc 


Vee 
Input "Low" voltage 0.3xVec 


Output "High" voltage 


~~ ~ 
> oO 


1 

ve 

° 

+ 

Ww © 

; =|F)'| 8] 


Output "Low" voltage 


eilwl ol nNniel| mole 


" 
° 


+1.0 


> 


~N 
nn 
cc = A” = c _— 
BEBBEE 
~ 


+ 
NO 
© 


Driver ON resistance 
100 


During 


1) 
© 
(-) 


Dissipation current Tec (2) 


access 


ee 
ro | 
a a? 


i 
= 
° 





(Note 1) Applies to M, FRM, CL, RST, ADC, ADC, $1 and $2. 


(Note 2) Applies to CS1, CS 


| 


No 


, CS3, E, R/W, D/I and DBO % 7. 
(Note 3) Applies to DBO \ 7. 

(Note 4) Applies to terminals except for DBO %v 7. 

(Note 5) Applies to DBO ~ 7 at high impedance. 

(Note 6) Applies to VIL ~ V4L and VIR ~% VA4R. 

(Note 7) Applies to Yl ~ Y64. 


(Note 8) Specified when liquid crystal display is in 1/64 duty. 
Operation frequency f,,=250 kHz (¢1 and $2 frequency) 
Frame frequency fy =70 Hz (FRM frequency) 


Specified in the state of 


Output terminal ----- not loaded 
Input level --------- Viq=Vec (V) 
VrL=GND (V) 


Measured at Vcc terminal 
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@ INTERFACE AC CHARACTERISTICS 





(1) MPU Interface SJ fous (e)\\ 
(CND=0V, Vec=4.5 v 5.5V, Vp ,=0 v -10V, Ta=-20 % +75°C) 


1 





Item min typ Note 
E cycle time Cove 1000 PF = | = | ns | i 
E high level width P EH 450 Sa 1, 2 
E low level width PEL 450 po = fons | disc 2 
_E fall time piece | - | - [2s | os | 3,2 
Address setup time Eas 140 | - [as | L522 
Address hold time | - | ns | 1, 2 
Data setup time CHW 200 are 1 
mae 
3 


Data delay time Yee Le 320 ns x3 
Data hold time (Write) HW | =| n 
Data hold time (Read) DHR p= | n 
(Note 1) (Note 2) 
“eye “cy 





ie 


OV 
: 0.8V PWEL PWEH EN 
t 


f 
| r tay f 
2.0V \ Cas 
aM 0.8V z 
Cas .| | TT Ltan 
D/I __0.8V 14 D/I 
t 
DSW -+He+-"DHW 
2.0V 


DBO” 7 ( \ DBO 7 
0.8V 


2) 


/W 


Fig. 1 CPU Write Timing Fig. 2 CPU Read Timing 


(Note 3) DBO ~ 7 : load circuit 


RL=2. 4K 
R 
Test Di ; R =11KQ 
Pose C a D2 C =130pF (including jig capacity) 
D3 
i D4 Diodes Dl to D4 are all 182074@. 
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(2) Clock Timing 
(GND=0V, Vec=4.5 Vv 5.5V, VeR=0 Vv -10V, Ta=20 v +75°C) 


pee fmt | Ete a 
foment [ee [mee [oo 
1 "Low" level width | twgr | Fig. 3 | 625 | 
$2 "Low" level width | twro2 | Fig 3 | 625 | 













a 










min 
263 
625 
625 
l : 
lect 
ee Tae fo 
— 


2 


ol, $2 fall time 5 





Ccyc 
tr 
$1 0.7Vcec | 
—] 
twLol 

0.7Vcc 
Y 

0.3Vcc WH$2 

te_| bara, 


Fig. 3 External Clock Waveform 
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(3) Display Control Timing 
(GND=0V, Voc=4.5 ¥ 5.5V, VEE=0 ~ -10V, Ta=-20 ~ +75°C) 
SECTION 


I 


FRM delay time 





M delay time 


CL "Low" level width 


CL "High" level width 





t 
WL 
CL 0.7Vce a CHCL 
oa 
“DFRM CD FRM 
0.7Vcc ‘ | 
FRM Q.3Vcc 
CoM 
0.7Vcec 
M f 
0.3Vec 


Fig. 4 Display Control Signal Waveform 
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M™ BLOCK DIAGRAM 


Vee 
GND 


VEE 1 
VEE2 


NO 
i ~ moe ah ees en 0 0 0 aoe mm 
r PP PE mH Pt Pp a PS Pp > > PP PS 


















NTO 
WO JO 






4096 bit 


Z address 


Display data RAM 
counter 

WO 

ah 


XY address counter 
Display start 


line register 









Instruction 
register 









Input 
register 


Output 
register 


I/O buffer 





Interface control 


CS1,CS2,cS3 
R/W 
D/I 
E 
DBO \ DB7 
Y 
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Mi TERMINAL FUNCTIONS | 


Terminal |Number of Connected | : 
: I/O Functions 
name terminals to 


Voc 2 Power Power supply for internal logic. 
GND supply Recommended voltage is 

GND = OV 

Vcc = +5V + 102 


Ver l 2 Power Power supply for liquid crystal display 
VEE 2 Suppty drive circuit. 
Recommended power supply voltage is 
Vcc - 15 to GND. Connect the same power 
supply to Vg, and VEE2° 
VEE] and Vpry are not connected each other 
in the LSI. 


VIL, VIR Power 
V2L, V2R supply 
V3L, V3R 
V4L, V4R 

I | MPU 


3 Chip selection. 
Data can be input or output when the 
terminals are in the next conditions. 
E 1 I | MPU Enable 
At write(R/W=L) : Data of DBO to DB7 is 
latched at the fall of E. 
At read(R/W=H) : Data appears at DBO to 
DB7 while E is in “High" 
level. 
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Power supply for liquid crystal display 


drive. 





Apply the voltage specified depending on 
liquid crystals within the limit of 
Ver through Vcc. 
VIL(V1R), V2L(V2R)---Selection level 
V3L(V3R) , V4L(V4R)----Non-selection level 
Power supplies connected with VIL and VIR 
(V2L & V2R, V3L & V3R, V4L & V4R) should 


have the same voltages. 
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Terminal| Number of t/o Connected eee a ae 
name terminals to See | 
R/W 1 | | 


I | MPU Read/Write 




















Data/Instruction 


D/I=H : Indicates that the data of DBO 

















to DB7 is display data. 
D/I=L : Indicates that the data of DBO 


to DB7 is display control data. 


Adress control signal determine the relation 
between Y address of display RAM and 


terminals from which the data is output. 


R/W=H : Data appears at DBO to DB7 and 
| can be read by the CPU 
: When E=H, CSI, CS2=L and CS3=H. 
R/W=L : DBO to DB7 can accept at fall of 
| \ E when CS1, CS2=L and CS3=H. 
ia 
AD I | Voc /GND 
ADC=H : Y1-$0, Y64-$63 
ADC=L : Y64-$0, Y1-$63 
DBOVDB7 | 8 [t/ojmeu Data’ bus, three-state I/O common terminal 
HD61103A Switch signal to convert liquid crystal 
7 
~~ 
; 7 












= 
a 


drive waveform into AC. 


Display synchronous signal (frame signal) 





This signal presets the 6-bit display line 
counter and synchronizes a common signal 
with the frame timing when the FRM signal 


becomes high. 









Syncronous signal to latch display data. 
The CL signal indicates to count up the 
display output adress counter and latch the 
display data at rising. 


2-phase clock signal for internal operation. 







The 1 and $2 clocks are used to perform the 
operations (I/O of display data and 


execution of instructions) other than 





display. 


{ 
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Terminal] Number of t/o Connected : ; 
name terminals to unctions 


Y1VY64 64 Liquid Liquid crystal display column (segment) 
criptal 
display 
















drive output. 
These pins outputs light ON level when "1" 
is in the display RAM, and light OFF level 






with "0" in it. 





Relation among output level, M and display 





data (D) is as follows. 















Output Bos REXRZ DY 
level 


The following registers can be initialized 









CPU or 
external 


CR 


by setting the RST signal to "Low" level. 





(1) ON/OFF register 0 set (display OFF) 





(2) Display start line register 0 line 





set (displays from 0 line) 





After releasing reset, this condition can 





be changed only by the instruction. 






Usually, don't 









Output terminal for test. 


connect any lines to this terminal. 








Unused terminals. Don't connect any lines 









to these terminals. 





(Note) "1" corresponds to "High level" in positive logic. 
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MM FUNCTION OF EACH BLOCK 


® Interface Control 
(1) I/O buffer 


Data is transferred through 8 data buses (DBO ~ DB7). 
DB7 .... MSB (Most Significant Bit) 
DBO .... LSB (Least Significant Bit) 


Data can neither be input nor output unless CSI to CS3 are in the 
active mode. Therefore, when CS1 to CS3 are not in active mode it is 
useless to switch the signals of input terminals except RST and ADC, 
namely, the internal state is maintained and no instruction excute. 
Besides, pay attention to RST and ADC which operate irrespectively by 
CS1 to CS3. 


(2) Register 


Both input register and output register are provided to interface to 
MPU of which the speed is different from that of internal operation. 
The selection of these registers depend on the combination of R/W and 


D/I signals. 


Table 1. Register Selection 


a 


Reads data out of output register as internal operation 
a 


oe Busy check. Read of status data. 
jo | 0 | tmstruction 


(1) Input register 












(display data RAM > output register) 





Writes data into input register as internal operation 





(input register > display data RAM) 





Input register is used to store data temporarily before writing it into 
display data RAM. 
The data from MPU is written into input register, then into display data 


RAM automatically by internal operation. 


© HITACHI 
272 Hitachi America Ltd. ¢ Hitachi Plaza ¢ 2000 Sierra Point Pkwy. @ Brisbane, CA 94005-1819 © (415) 589-8300 





HD61102 


When CSI to CS3 are in the active mode and D/I and R/W select the input 


register as shown in Table 1, data is latched at the fall of E signal. 





SECTION 


Output register 


Output register is used to store data temporarily which is read from 1 
display data RAM. To read out the data from output register, CS1 to CS3 
should be in the active mode and both D/I and R/W should be 1. With READ 





instruction, data stored in the output register is output while E is "H" 
level. Then, at the fall of E, the display data at the indicated address 
is latched into the output register and the address is increased by l. 
The contents in the output register is rewritten with READ instruction, 


while is held with address set instruction, etc. 


Therefore, the data of the specified address can not be output with READ 
instruction soon after the address is set, but can be output at the second 
read of data. That is to say, one dummy read is necessary. Fig. 5 shows 


the CPU read timing. 


ME a Le ee 

ooo. SSS SSS 

Qo ee oa ee er a ee 

Address 
register Data at address N] Data at address N+1 























D 7 | Busy | Write Busy Read Busy Read Busy |Data read 
BO | check | address} check data check | data at} check | address 
N (dummy ) address N+1 
N 


Fig. 5 CPU Read Timing 
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Busy Flag 


"1" of busy flag indicates that HD61102-is on the move and any instructions 
except Status Read instruction can not be accepted. The value of the busy 
flag is read out on DB7 by the Status Read instruction. Make sure that the 


busy flag is reset ("0") before the issue of instruction. 


a 


Busy | | | 
mia —_ T Busy a 


1/f£CLKST Busy$3/fcyx 


f is $1, $2 frequency 


CLK 


Display ON/OFF Flip Flop 


Display ON/OFF flip flop selects one of two states, ON state and OFF state 
of segments Yl to Y64. In ON state, the display data corresponding to that 
in RAM is output to the segments. On the other hand, the display data at 
all segments disappear in OFF state independent of the data in RAM. 

It is controlled by display ON/OFF instruction. 'O' of RST signal sets the 
segments in OFF state. The status of the flip flop is output to DB5 by 
Status Read instruction. Display ON/OFF instruction does not influence data 
in RAM. To control display data latch by this flip flop, CL signal (display 


synchronous signal) should be input correctly. 


Display Start Line Register 


The register specifies a line in RAM which corresponds to the top line of 

LCD panel, when displaying contents in display data RAM on the LCD panel. 

It is used for scrolling of the screen. 

6-bit display start line information is written into this register by display 
Start line set instruction, with 'H' level of FRM signal instructing to start 
the display, the information in this register is transferred to Z address 
counter which controls the display address, and the Z address counter is 


preset. 
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e xX, Y Address Counter 





This is a 9-bit counter which designates addresses of internal display data J =ounle)\ 


RAM. X address counter of upper 3 bits and Y address counter of lower 6 bits 


should be set each address by respective instruction. 1 | 
| | 
| 


(1) xX address counter 





Ordinary register with no count functions. An address is set in by 


instructions. 


(2) Y address counter 


An address is set in by instruction and it is increased by 1 automatically 
by R/W operations of display data. The Y address counter loops the 


values of O to 63 to count. 


e Display Data RAM 


Dot data for display is stored in this RAM. 11-bit data of this RAM 
corresponds to light ON (data=1) and light OFF (data=0) of 1 dot in the 
display panel. The correspondence between Y addresses of RAM and segment 
PINs can be reversed by ADC signal. 

As ADC signal controls Y address counter, a reverse of the signal during 

the operation causes malfunction and destruction of the contents of register 
and data of RAM. Therefore, never fail to connect ADC pin to Vcc or GND 


when using. 


Fig. 6 shows the relations between Y address of RAM and segment pins in the 


cases of ADC=1 and ADC=0. (display start line=0, 1/64 duty). 
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| COM1 (HD61103A X1) 
7 COM2 (HD61103A X2) 
COM3 (HD61103A X3) 

COM4 (HD61103A X4) 

LCD COM5 (HD61103A X5) 

display pattern COM6 (HD61103A X6) 

COM7 (HD61103A X7) 

COM8 (HD61103A X8) 

COM9 (HD61103A X9) 


COM62 (HD61103A X62) 
COM63 (HD61103A X63) 

















Been! COM64 (HD61103A X64) 
a ee 
Line 0==> Tid Saver en LO. DBO (LSB) | 
Line LS -|1}o}olo]1 wha tenigcct lofofs}-} DBL 
Line 27~~~ ifofolol1| tot of DB2 
Hye te dt 0 fo fi aa DB3 
X=) 1 Dees ath DB4 
Display }1]0}o}o [1 ei tee 0 0 10 [a Fy DB5 
RAM data [1 [0] 0 [o [1 | S26 hn 0 fo fk FP DB6 
fofololojolo| — ao fofo fo} 7 DB7 (MSB) 
| SSSEP EE afb 
ae ES LL a 
| Pot y 
: ied 
Line 62 
Line 63 


(a) ADC='"1"- (Connected to Vcc) 


Fig. 6 Relation between RAM Data and Display 
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SECTION 


(HD61103A X1) | 1 


(HD61103A X2) 
(HD61103A X3) 
(HD61103A X4) 
(HD61103A X5) 
(HD61103A X6) 
(HD61103A X7) 
(HD61103A X8) 
(HD61103A X9) 





LCD 
display pattern 











Pon ae COM62 (HD61103A X62) 


—| 
eal ae 

ee ed COM63 (HD61103A X63) 
Esiaeieal 


COM64 (HD61103A X64) 


ese Ld HD61102 PIN NAME 


Line 0---+- —___ofofo{1| DBO (LSB) 
Line 1-221 2/010 |0/1/0)...... o}o}o]1| DB1 
Line 2~—-F71;/0;/0]Oj|1/O};  ——__ DB2 
‘ DB3 
Aa) Tata agl. DB4 
eeu. | Nae Oi0! OM Os os DBS 
isplay | + ----" 
RAM. data. [ee ee Lees DB6 
0 DB7 (MSB) 
- 
=] 
Line 62-~— 
Line 63-— 


| RAM Y Address 


(b) ADC="0" (Connected to GND) 


Fig. 6 Relation Between RAM Data and Display 
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Z Address Counter 


The Z address counter generates addresses for outputting the display data 
synchronized with the common signal. This counter consists of 6-bit and 
counts up at the fall of CL signal. With "H" level of FRM, the contents of 


the display start line register is preset at the Z counter. 


Display data Latch 


The display data latch stores the display data temporarily which is output 
from display data RAM to liquid crystal driving circuit. | 

Data is latched at the rise of CL signal. Display ON/OFF instruction 
controls the data in this latch and does not influence data in display data 
RAM. 


Liquid Crystal Display Driver Circuit 


The combination of latched display data and M signal causes one of the 4 


liquid crystal driver levels, Vl, V2, V3 and V4 to be output. 


Reset 


The system can be initialized by setting RST terminal at "Low" level when 


turning power ON. 


1) Display-OFF 
2) Set display start line register O line. 


While RST is in Low level, any instruction except Status Read cannot be 
accepted. Therefore, Carry out other instructions after making sure that 
DB4=0 (clear RESET) and DB7=0 (Ready) by Status Read instruction. 


The conditions of Power Supply at initial power up are as follows. 


[ise cies [ee [> 


Do not fail to set the system again because 





RESET during operation may destroy the data 
in all the register except ON/OFF register 
and in RAM. 
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Mi DISPLAY CONTROL INSTRUCTIONS 





® Outline ho) = On BO] E | 


Table 2 shows the instructions. Read/Write (R/W) signal, Data/Instruction 
(D/I) signal and Data bus signal (DBO to DB7) are also called instructions 


because the internal operation depends on the signals from MPU. 





These explanations are detailed from the following page. Generally, there 


are following three kinds of instructions. 


(1) Instruction to give addresses in the internal RAM 
(2) Instruction to transfer data from/to the internal RAM 


(3) Other instructions 





In general use, the instruction (2) are used most frequently. But, since Y 
address of the internal RAM is increased by 1 automatically after writing 
(reading) data, the program can be lessened. During the execution of an 
instruction, the system cannot accept other instructions than Status Read 
instruction. Send instructions from MPU after making sure if the busy 


flag is "0", which is the proof an instruction is not being excuted. 
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\ 


instructions R/W 


Se: eer 


display start line (0V63)| Specifies a RAM line displayed at the top of the 








o 


15 Status Read li 


1 Display ON/OFF 


4 Set ¥ address Set Y address 


< 8 ew 





Ria 
3 Set page (X Page (0V7) 
~ address) 


Code 


Table 2. Instructions 


Y address | Y address (063) 


Leto 


/ 
OFF 


Br ew 


Write display Write Data 
data 


Read display Read Data 
data 





“ 


Controls the ON/ 





screen. 


status are not affected. 1:0ON, O:0FF. 


Functions 


OFF of display. RAM data and internal 











Sets the page (X address) of RAM at the page (X address) 





register. 


Sets the Y address at the Y address counter 


Reads the status. 


Writes data DBO 


on the data bus 


Reads data DBO (LSB) to DB7 (MSB) 


RESET 1: reset O:normal 
ON/OFF 1: display OFF O:display ON 
Busy 1: on the internal operation 


O: Ready 


(LSB) to DB7 (MSB)|Has access to the 


into display RAM. | address of the display 


RAM specified in 


advance. After the 


from the display RAM to the 


data bus. 





Note 1) Busy time varies with the frequency (fcyx) of $1, and $2. 


Cl/Equy § 


TBusy 


© 3/fcix) 


access, Y address is 


increased by l. 
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@e Detailed Explanation 





(1) Display ON/OFF 


SECTION 





+ high-order-bit low-order-bit — 


The display data appears when D is 1 and disappears when D is 0. 
Though the data is not on the screen with D=0, it remains in the 
display data RAM. Therefore, you can make it appear by changing 
D=0 into D=1l. 


(2) Display start line 





+ high-order-bit low-order-bit — 


Z address AAAAAA (binary) of the display data RAM is set at the display 
start line register and displayed at the top of the screen. 

Fig. 7 are the examples of display (1/64 duty) when the start line=0 % 3. 
When the display duty is 1/64 or more (ex. 1/32, 1/24 etc.), the data 

of total line number of LCD screen, from the line specified by display 


start line instruction, is displayed. 
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COM1 
COM2 


COM3 
COM4 
COM5 


- COM6 


282 


COM7 
COM8 
COM9 


Start line=2 


Fig. 7 Relation Between Start Line and Display 
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(3) Set page (X address) 





R/W D/I DB/ 





—<— high-order-bit low-order-bit —> 





X address AAA (binary) of the display data RAM is set at the X address 
register. After that, writing or reading to or from MPU is executed in 


this specified page until the next page is set. 


(4) Set Y address 





R/W D/I DB/ 





< high-order-bit low-order-bit —> 


Y address AAAAAA (binary) of the display data RAM is set at the Y 
address counter. After that, Y address counter is increased by 1 


every time the data is written or read to or from MPU. 


Y address 


0 1 2 ------------------------- 61 62 63 
x= 
X= 1 
X = 6 
raz 





Fig. 8 Address Configuration of Display Data RAM 
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(5) Status Read 





R/W D/I _ ODB7 


DBO 


Code 





<— high-order-bit low-order-bit — 


BUSY: When BUSY is 1, the LSI is in internal operation. No instructions 
are accepted while BUSY is 1, so you should make sure that BUSY 


is 0 before writing the next instruction. 


ON/OFF: This bit shows the: liquid crystal display conditions —- ON 
condition or OFF condition. 
When ON/OFF is 1, the display is in OFF condition. 
When ON/OFF is 0, the display is in ON condition. 


RESET: RESET=1 shows that the system is being initialized. In this 
condition, any instructions except Status Read instruction cannot 
be accepted. 

RESET=0 shows that initializing has finished and the system is in 


the usual operation. 


(6) Write Display Data 





R/W D/I DB? DBO 


<— high-order-bit low-order-bit —> 


Writes 8-bit data DDDDDDDD (binary) into the display data RAM. Then 


Y address is increased by 1 automatically. 


(7) Read Display Data 





R/W D/I DB/ DBO 


<— high-order-bit low-order-bit —> 
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Read out 8-bit data DDDDDDDD (binary) from the display data RAM. Then 


Y address is increased by 1 automatically. 


SECTION 


One dummy read is necessary soon after the address setting. For details, 


refer to the explanation of output register in ''FUNCTION OF EACH BLOCK". 1 
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Mi THE USAGE OF HD61102 


e Interface with HD61103A (1/64 duty ) 


Vee COM1 


Vl 
V6 
V5 
V2 
VEE 






LCD Panel 


64 x 64 dots 






Yl ~ NN __”’ Y64 








Vec Vee 

HD61102 VIL, VIR v1 
V2L,V2R v2 

V3L, V3R V3 

V4L,V4R v4 
VEE1 , VEE2 VEE 





Vec 


External CR | 


CPU 


R3=152 
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ao LI LI LL | ULL 
$2 1 2 3 ee: 149 Sj ou se) \\ 


Input \ eS 





X1 





COM 
i 
lhe 
V1 
Ji 
in 
! | 
| 
| | 
| | 
| | 
; pw 
| 
| 
; | 
| 
SEG ! Se 
| 





| | { | 
Selected Non-selected | 


The wave forms of Yl to Y64 outputs vary with the display data. In this 


example, the top line of the panel lights up and other dots do not. 


Fig. 9 LCD Driver Timing Chart (1/64 duty) 
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@ Interface with CPU 


a) Example of connection with HD6800 





Decoder 






HD6800 HD61102 





The example of connection with HD6800 series 


In this decoder, addresses of HD61102 in the address area of HD6800 are: 


Read/Write of the display data $FFFF 
Write of display instruction $FFFE 


Read out of status $FFFE 


Therefore, you can control HD61102 by reading/writing the data at these 


addresses. 
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b) Example of connection with HD6801 


SECTION 


74L8154 


1 










HD61102 
No.l 


E E 
P30 DBO 
P31 


(Data bus) ! 
P37 


* Set HD6801 in Mode 5. the external memory area ($0100 to 
P10 to P14 are used as the $O1FE) to control HD61102. 
output port and P30 to P37 In this case, IOS signal is output 
as the data bus. from SC1l and R/W signal from SC2. 


» 74LS154 is 4 to 16 decoder and 


genelate chip select signal to For details of HD6800 and HD6801, 


make specified HD61102 active refer to the each manual. 
after decoding 4 bits of P10 


to P13. 


Therefore, after making the 
operation possible by P10 to 
P13 and specifying D/I signal 
by P14, read/write from/to 
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@ Example of Application 


HD61102 
No.9 


Yl —™ Y64 






HD61102 
No. 10 


Yl ~™~ Y64 










isis 


AV 





(Master) 


HD61103A 
va 
ON 








LCD Panel 
128 x 480 dots 


Y1 —™ Y64 


Y1 —~ Y64 


HD61102 
No.2 


YI YZ 


HD61102 
No.8 






HD61102 
No.l 





Note) In this example, two HD61103A's output the equivalent waveforms. 
So, stand-alone operation is possible. In this case, connect COMI and 
COM65 to X1, COM2 and COM66 to X2, ..., and COM64 and COM128 to X64. 
However, for the large screen display, you had better drive in 2 rows 


as this example to guarantee the display quality. 
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HD61103A 
(Dot Matrix Liquid Crystal Graphic 


Display Common Driver) SECTION 


DESCRIPTION 
The HD61103A is a common signal driver for 


dot matrix liquid crystal graphic display 


1 


systems. It generates the timing signals 





(switch signal to convert LCD waveform to 
AC, frame synchronous signal) and supplies 
them to the colum driver to control 
display. It provides 64 driver output 
lines and the impedance is low enough to 


drive a large screen. 





As the HD61103A is produced in a CMOS 

process, it is fit for use in portable 

battery drive equipments utilizing the 

liquid crystal display's low power consumption. 

The user can easily construct a dot matrix liquid crystal graphic display 


system by combining the HD61103A and the colum (segment) driver HD61102. 


Mi FEATURES Mi PIN ARRANGEMENT 


* Dot matrix liquid crystal graphic 
display common driver with low KENMORE S 
HIDSASagSIoOGRaDEAIas 
impedance. xe (7 5) x0 
x0 (3 xa 
e ga 77] 

* Low impedance —1.5k2 max. xe xa 
xi (oJ 173) x 48 
x8 [F Pax 

* Internal liquid crystal display xu be Py xt 

: 71) x 62 
driver circuit —— 64 circuits xi Ch ra) xa 
x10 [13] 168 X 55 
xe (v ro) x 68 
e ° ° . x 
* Internal dynamic display timing xi nee 
xe Ww ioe] x 68 
generator circuit xt axe 
x3 [x ot} y 2 
xf xe 

° Selectable display duty ratio ee [Hi 3) Vee 

vite aie 
factor 1/48, 1/64, 1/96, 1/128. vat (a f]v2R 
vec [i Brn 






Can be used as a colum driver FS 





3) 6) 


Ey) ED £1) 3 80'S o 
BS ve Vs seve s 


: ; 243, 
transferring data serially. sei gts 


Low power dissipation 


—— during display 5mW (Top View) 
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Power supplies : Vcc — +5V + 102% 


°* LCD drive level — 17.0V max 


CMOS process 


100-pin flat plastic package (FP-100) 


M@ ABSOLUTE MAXIMUM RATINGS 








Note 


Note 


Note 


Note 


Note 


Feast Yoees © | a 
: 
Banal 


Storage Temperature 











a 
i 
o 
Ww 
© 
S 
Q 
+ 
Oo 
wo 
< 


1) If LSI's are used beyond absolute maximum ratings, they may be 
permanently destroyed. We strongly recommend you to use the LSI 
within electrical characteristic limits for normal operation, 
because use beyond these conditions will cause malfunction and poor 


reliability. 
2) Based on GND=0V 


3) Applies to input terminals (except VIL, VIR, V2L, V2R, V5L, V5R, 


V6L and V6R) and I/O common terminals at high impedance. 
4) Applies to VIL, VIR, V2L, V2R, V5L, V5R, V6L and V6R. 


5) Apply the same value of voltages to VIL and VIR, V2L and V2R, V5L 
and Vsp, V6L and V6R, Vig (23 pin) and Vgp_(58 pin) respectively. 
Maintain Voc2V1L=V1R2V6L=V6RZV5L=V5R 

2V2L=V2R2VEE 
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M ELECTRICAL CHARACTERISTICS 


@® DC Characteristics (Vcc=+5V + 10%, GND=OV, VgeR=0 Vv -11.5V 
Ta= -20 ~ +75°C) 





No 


Specifications 

Min Typ Max 
Input "High" voltage Vin Pr 0.7xVec Vec 
Input "Low" voltage VIL od GND 


Output "High" voltage | Voy Ioyq=—0. 4mA Voc70-4 


Output "Low" voltage | Voy, 


Test Item Symbol | Test conditions Unit] Note 





— 


+ 
oo) 
> 


0.3xVcc 


a" 
io) 


Load current 
+150pA 


Input Leakage Current Inn Vin=0-Vcc 


Input Leakage Current | Iy79 


Vi-Xj ON resistance 





u 


| 
ay 
© 


i 
ho 
© 
+ 
No 
co) 
> 
n 


+ 
— 
io) 

Cc 
> 
> 


In master mode 
External clock 
operation 


Operating Frequency kHz | 6 


opr] 





wi 
_) 


Operating Frequency fopr2 areas ts 50 1500 7 
: as Cf£=20pFt5Z 
Oscillation Frequency | fosc REEL TIKR+2Z 450; 585 kHz 8,13 


In master mode 
Dissipation Current I 1/128 duty 
(1) Cf=20pF 
R£=47kQ 


9,10 


?) 
) 
e 


te 
© 


ae 
et 
—_— 





Dissipation Current I In slave mode 200 

(2) GG2 1/128 duty 

Dissipation Current I i aac ake 100 9,12 
P EE 1/128 duty ’ 


Note 1) Applies to input terminals FS, DS1, DS2, CR, STB, SHL, M/S, FCS, CLI 
and TH and I/O common terminals DL, M, DR and CL2 in the input status. 


Note 2) Applies to output terminals, $1, $2 and FRM and I/O common terminals 
DL, M, DR and CL2 in the output status. 


Note 3) Resistance value between terminal X (one of X1 to X64) and terminal 
V. (one of VIL, VIR, V2L, V2R, V5L, V5R, V6L and V6R) when load 


current is applied to each terminal X. 
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Equivalent circuit between terminal X and terminal V. 


: | 3 RON 

| VIL, VIR 

V2L, V2R Terminal X (Xl % X64) 
| V5L, V5R —o 

V6L, V6R —o 


Connect one of the lines. 





Note 4) Applies to input terminals FS, DS1, DS2, CR, STB, SHL, M/S, FCS, CLIl 
and TH, I/O common terminals DL, M, DR and CL2 in the input status 


and NC terminals. 


Note 5) Applies to VIL, VIR, V2L, V2R, V5L, V5R, V6L and V6R. 


Don't connect any lines to Xl to X64.. 


Note 6) External clock is as follows. 





External clock 0.7Vcc 





waveform \0-9Vec 
0.3Vce 
trep tfcp 
External 
élock Open Open 
CR R C 


Note 7) Applies to the shift register in the slave mode. For details, 


refer to AC Characteristics. 


Note 8) Connect oscillation resistor (Rf) and oscillation capacitance (Cf) 
as shown in this figure. Oscillation frequency (fogc) is twice as 


much as the frequency (f$) at $1 or 92. 





Cf=20pF 
R£=47k2 fosc=2 x fo 
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Note 9) No lines are connected to output terminals and current flowing 
through the input circuit is excluded. This value is specified at 


ViIH=Vcc and Vy ,=GND. Ss] = ON RTO)" 


Note 10) This value is specified about current flowing through GND in the 1 
following conditions: Internal oscillation circuit is used. 
Each terminal of DS1, DS2, FS, SHL, M/S, STB and FCS is connected 
to Vcc and each of CL1 and TH to GND. Oscillator is set as 





described in Note 8. 


Note 11) This value is specified about current flowing through GND under the 
following conditions: Each terminals of DS1, DS2, FS, SHL, STB, FCS 
and CR is connected to Vac, CL1, TH and M/S to GND and the terminals 
CL2, M and DL are respectively connected to terminals CL2, M and DL 
of the HD61103A under the condition described in Note 10. 


Note 12) This value is specified about current flowing through Vp under the 
condition described in Note 10). Don't connect any lines to terminal 


V. 


Note 13) This figure shows a typical relation among oscillation frequency, Rf 


and Cf. Oscillation frequency may vary with the mounting condition. 
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@ AC Characteristics (Vcc=t5Vt10% GND=OV, VEE= 0 V -11.5V Ta=-20 % +75°C) 


(1) In the slave mode (M/S=GND) 


CL2 0.7Vcc 

(FCS=GND) 

(Shift clock) 9-3Vec twLCLaL a. 
| tf 

tr 

CL2 0.7Vcc t 

(FCS=Vec) WHCL 2H 

(Shift clock) 0.3Vcc 

toy 

DL (SHL=Vcc) 0.7Vcc 
DR (SHL=GND) X ) 
Input data 0.3Vcc 


DR(SHL=Vcc) 0.7Vcc 
DL(SHL=GND) X 
Output data | 0.3Vcc 


CL2 "Low" level width (FCS=GND) | *wLcL2L 


CL2 "High" level width (FCS=GND) | twHCL2L oe 
CL2 "Low" level width (FCS=V¢,) CWLCL2H ae 




















Note 1) The following load circuit is connected for specification. 


Output O 
vormena? = 30pF (Includes jig capacitance) 
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(2) In the master mode 


(M/S=Vcc; FCS=Vcc;, Cf=20pF, R£=47K2Q) 





CL2 
tpH 
tps 
DL (SHL=Vcc) 
DR(SHL=GND) 
DR(SHL=Vcc ) 
DL (SHL=GND ) 
tDFRM , "DFRM 
FRM 0.7Vcc 
0.3Vcc 
tpm 
0.7Vcc 
M ( 
0.3Vcc 
tf tr twHo1 
5 f 0.7Vcc 
ol \ l, 0.5Vcc 
| | 0.3Vcc 
{WLol  tp12 tp21 
0.7Vcc 
$2 0 e 5Vec 
| | CWHe2 0.3Vecc 
tf ty $2 tr 
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SECTION 


1 











HD61103A 





sro [on [ or [ om [wie [ wee 
Pevvew ie [oe fe [= [= PT 


Ca 
om [= f= fe fe 
a 


CLy "High" level width | ‘WHCL2 
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IHOVLIH © 


00€8-68S (GLP) © GL8L-SOOPE VO ‘aURgSsIg © AMYd JUI0d BAIS O00 © CZEld IYDELIH © *pl] BOVaWYy 1ySeyH 


667 


V2L V6L | V2R 


V6R 
ViLlysz} Xl X2 ------ 64 Output = X62 X63 X64 VIRIV5R 
terminals 


GND 
VEE Liquid crystal display 
driver circuits 





CL1 
TH 


ia 
Logic . : | | ) or | Logic 
(as 
SS 
sa pee) goes 
a ee ee 
oT Oscillator CL2 


en Co" a FRM 


Logic 


DR 
















7) 
m 
2) 
a 
oe) 
Zz 





WYYOVIG AI01d 


VeollgodH 
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Block Functions 


Oscillator 


The oscillator is a CR oscillator that generates display timing signals and 
operating clocks for the HD61102. It is required when the HD61103A is used 
with the HD61102. It attaches an oscillation resistor Rf and an oscillation 


capacity Cf as shown in the following figure and terminal STB is connected 


to "high" level. When using an external clock, input the clock into terminal 


CR and don't connect any lines to terminal R and Cy 





Open fgxternal Open 
Rf Cf clock 


Oscillator is not required when the HD61103A is used with the HD61830. 
Then, connect terminal CR to "high" level and don't connect any lines to 


terminals R and C. 


R CR C 
Open Vec Open 


Timing Generator Circuit 


The timing generator circuit generates display timing and operating clock for 
the HD61102. This circuit is required when the HD61103A is used with the 
HD61102. Then connect terminal M/S to "high" level. (master mode). 

It is not necessary when display timing signal is supplied from other circuits, 
for example, from HD61830. In this case connect the terminals FS, DS1 and DS2 
to "high" level and M/S to "low" level. (Slave mode) 


Bidirectional Shift Register 


This is a 64-bit bidirectional shift register. The data is shifted from DL 
to DR when SHL is at high level and from DR to DL when SHL is at low level. 
In this case, CL2 is used as shift clock. The lowest order bit of the 

bidirectional shift register, which is on the side of DL, corresponds to Xl 


and the highest order bit on the side of DR corresponds to X64. 
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® Liquid Crystal Display Driver Circuit 


The combination of the data from the shift register with M signal allows one 


SECTION 


of the four liquid crystal display driver levels V1, V2, V5 and V6 to be 


transferred to the output terminals. 


Data from the 
shift register 


1 






Output level 












: 
of 
po fe 
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M@ HD61103A TERMINAL FUNCTIONS 

SS 
Function 

name terminals 


Vcc Power Vcc-GND: Power supply for internal logic. 
GND supply 
VEE 


VIL,V2L, Power 
V5L,V6L, supply 
V1R, V2R, 

V5R,V6R 


i | 
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Vcc-VEE: Power supply for driver circuit 


logic. 


Liquid crystal display driver level power 
supply. 
VIL(V1R), V2L(V2R): Selected level 
V5L(V5R), V6L(V6R): Non-selected level 


voltages of the level power supplies 










connected to VIL and VIR should be the same. 


(This applies to the combination of V2L & 
V2R, V5L & V5R and V6L & V6R respectively) 





Selects Master/Slave 
M/S=Vcc: In master mode 


When the HD61103A is used with the HD61102, 


timing generation circuit operates to supply 






display timing signals and operation clock 









to the HD61102. Each of I/O common terminals 
DL, DR, CL2 and M is in the output state. 


M/S=GND: In slave mode 


/The timing operation circuit stops operating. 
The HD61103A is used in this mode when 
combined with the HD61830. 
with the HD61102, this mode is used when 








Even if combined 


display timing signals (M, data, CL2 etc.) 
are supplied by another HD61103A in the 









master mode. 


Terminals M and CL2 are in the input state. 


When SHL is Vcc, DL is in the input state 


and DR is in the output state. 


When SHL is GND, DL is in the output state 


and DR is in the input state. 


- to be continued 
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Terminal] Number of Connected : 
: I/O Function 
name terminals to 


FCS 1 I | Vcc or Selects shift clock phase 
oe FCS=Vcc Shift register operates at the 
rising edge of CL2. Select this 
condition when HD61103A is used with 
HD61102 or when MA of the HD61830 
connects to CL2 in the combination 
with the HD61830. 
FCS=GND Shift register operates at the fall 
of CL2. Select this condition 
when CL1 of HD61830 connects to CL2 
in the combination with the 
HD61830. 
| r 
GND 


DS1,DS2 2 I Vcc or 
GND 
1 
i 
1 
_ 
















Selects frequency 






When the frame frequency is 70Hz, the 






oscillation frequency should be: 





fosc=430kHz at FCS=Vcc 
fosc=215kHz at FCS=GND 






This terminal is active only in the master 






mode. Connect it to Vcc in the slave mode. 





Selects display duty factor 


Tm 
Ds2 Voc Voc 


This terminals are valid only in the master 

























mode. Connect them to Vcc in the slave 





mode. 






Bw 


Input terminal for testing 





m4 





oO 
ci 
_ 


Connect STB to Vcc: 
Connect TH and CL1 to GND. 







CR,R,C Oscillator. 


In the master mode, use these terminals as 






shown below. 


- to be continued 
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HD61103A 


Terminal| Number of 1/0 Connected Ponctton 
Name — terminals to 


CR,R,C 3 Usage of these terminal in the master mode 
Internal oscillation External clock 
External 
R 
; Cf Open clock Open 
R CR C | R CR C | 
In the slave mode, stop the oscillator as 
shown below. 
Open Vec Open 
| R CR C | 
o1, $2 HD61102 Operating clock output terminals for the 
HD61102. 
| - 


| 


HD61830 
; ; 























Master mode: Connect these terminals to 
terminals $1 and $2 of the 
HD61102 respectively. 


Slave mode : Don't connect any lines to 












these terminals. 
Frame signal 


Connect this terminal to 


terminals FRM of the HD61102. 





Master mode: 


Slave mode : Don't connect any lines to 


this terminal. 















Signal to convert LCD driver signal into AC. 










Or 
M of 
HD61102 


Master mode: Output terminal. 











Connect this terminal to 


terminal M of the HD61102. 


Slave mode : Input terminal. 







Connect this terminal to 


terminal MB of the HD61830. 





Shift clock 






CL1 or MA 
of HD61830 
or 

CL of 
HD61102 












Master mode: Output terminal 






Connect this terminal to 
terminal CL of the HD61102. 
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Terminal|Number of Connected . 
: I/O Function 
name terminals to 


CL2 1 T/O| CL1 or MA Slave mode : Input terminal 
of HD61830. 
or 
CL of 
HD61102 


DL, DR 2 I/0| Open or 
FLM of 
HD61830 





SECTION 









Connect this terminal to 









terminal CL1 or MA of the 
HD61830. 


1 






Data I/O terminals of bidirectional shift 











register. 


DL corresponds to X1's side and DR to X64's 






side. 





Master mode : Output common scanning 





signal. 






Don't connect any lines to 






these terminals normally. 






Slave mode : Connect terminal FLM of the 
HD61830 to DL (when SHL=Voc) 
or DR (when SHL=GND) 


[oR [output [Output [Output] Empot | 


Not used. 





























Don't connect any lines to this terminal. 


Selects shift direction of bidirectional 














shift register. 


tf} 7 
c| DL — DR Xl —> x64 


1 I | Vcg or 
GND 
DL +— DR Xl <— x64 
X1VX64 64 Liquid crystal display driver output. 
Output one of the four liquid crystal display 
driver levels V1, V2, V5 and V6 with the 
combination of the data from the shift 
register and M signal. 


S 








- to be continued 
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7 eon of], ae 
7 Howe ae 


TT 






Data 










Output v2 | v6 | v1 | v5 
level 







Data "1" — Selected level 





"Oo" —— Non-selected level 







When SHL is Vcc, Xl corresponds to COM1 and 
X64 corresponds to COM64. 






When SHL is GND, X64 corresponds to COM1 and 
Xl corresponds to COM64. 
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00€8-68S (SIP) © 6LBL-GOOKE VO ‘BUEGSHG © ‘Amid IUldg BLAIS QO0Z © BZEld YEU © ‘pI] EOVaWY USE 


ZOE 


3) 


IHOVLIH © 


Mi EXAMPLE OF APPLICATION dee 


H...V¢c 
HD61103A Connection List L...GND 


meanse "open". Rf...Oscillation resistor 
Cf...Oscillation capacity 


fy Qa A J) oO Nn 


from FLM 
of COM1 ~\COM64 
HD61830 


| Fixed 


7 

Ea 

fan 
FC 












RB from CL1 
of 
HD61830 





from FLM 
of 
HD61830 


to DL/DR 


COM64 ~COM1 


poe | 
oe 
me 
ns 
tr 



















from FLM of 
of COM1 ‘~COM64 
03A 
HD61830 oe nas 














—_— Ss 
a 
ae 


HD61830) HD61830 to pimps from FLM 
Oo 
of COM64 ~COM1 
BDO 71094 | 961830 


from DL/DR 
of 
HD61103A 





from MB} from MA 


from DL/DR 
of 
HD61103A 


HD61830| HD61830 


Rf | Rf to ¢1 |to $2 |to FRM | 
of of of 
Cf Cf | HD61102/}HD61102+HD61102! HD61102) HD61102 
Rf | Rf to 91 jto $2 |to FRM 
H of of of 
Cf Cf | HD61102 | HD61102/ HD61102 
SPER REET of 


COM128-COM65 


COM1 ‘~COM64 


COM64 “COM1 





HD61103A COM1 ‘COM64 


No.2 










of 
HD61102 
HD61103A 


HD61102 














HD61103A COM64 ~COM1 





from CL2 
of 
A! HD61103A 


COM1 ‘~COM64 


poe | 
ae 


COM64 ~COM1 


VeOllgdH 


n 
mi 
2) 
a 
e) 
= 





HD61103A 





Outline of HD61103A System Configuration 


1) Use with HD61830 


a) When display duty ratio of LCD is more than 1/64 


HD61830 


HD61830 


HD61830 











One HD61103A drives 
common signals. 


One HD61103A drives 
common signals for 
upper and lower 
panels. 


Two HD61103A's drive 
upper and lower 
panel separately 

to ensure the 
quality of display. 
No.1 and No.2 
operate in parallel. 


b) When display duty ratiov.of LCD is from 1/65 to 1/128 


HD61830 





LCD 










COM1 


Upper 
= com12g PP 
LL COM1 
eZ Lower 


HD61830 COM128 





LCD 









COM1 


COM128 
COM1 


COM128 


Upper 


ower 


Two HD61103A's 
connected serially 
drive common signals. 


Two HD61103A's 
connected serially 
drive upper and 
lower panels in 
parallel. 


Two sets of 

HD61103A's connected 
serially drive upper 
and lower panels in 
parallel to ensure 

the quality of display. 
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Refer to 
Connection list 'A' 


Refer to 
Connection list '‘'A' 


For both of No.1 
and No.2, refer to 
Connection list 'A' 


Refer to 

Connection list 'B' 
for No.l. 

Refer to Connection 
list 'C' for No.2. 


Refer to 

Connection list 'B' 
for No.l. 

Refer to Connection 
list 'C' for No.2. 


Refer to. 
Connection list 'B' 
for No.1 and 3. 
Refer to 
Connection list 'C' 
for No.2 and 4. 
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HD61103A 


2) Use with HD61102 (1/64 duty) 


SECTION 


One HD61103A drives 





common signals and parece ke 

supplies timing Connection list 'D" — 
Signals to the 

HD61102's. 

One HD61103A drives 

upper and lower Reger: to 


panels and supplies 
timing signals to 
the HD61102's. 


Connection list 'D' 





Two HD61103A's drive Refer to 
upper and lower Connection list 'E' 
panels in parallel for No.l 
to ensure the 
quality of display. Refer to 
No.1 supplies Connection list 'F' 
timing signals to for No.2 
No.2 and the 
HD61102's. 
@ HITACHI 


Hitachi America Ltd. ¢ Hitachi Plaza ¢ 2000 Sierra Point Pkwy. « Brisbane, CA 94005-1819 © (415) 589-8300 309 





HD61103A 
e Example of Connection 1) 
° Use with HD61102 (RAM type segment driver) 


a) 1/64 duty ratio (See Connection List "D") 





LCD panel 
+5V (Vcc) 


“LT ul 


af gb 
nig 
R2 ine 


uf | ye 


0 a Contrast 
-10Vo : 


OVo 





HD61103A ( ) is at SHL='L' 


Note 1) The values of R1 and R2 vary with the LCD panel used. 
When bias factor is 1/9, the values of Rl and R2 should satisfy 


Rl 


1 
4R1 +R2  °»3#9 


For example, 


R1=3k2,  R2=15k0 
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Example of Waveform (RAM type, 1/64 duty) 


Note) Phase difference between DL(DR) and CL2 


2 3 
1| }2 
| 
v1 3 
| 
| | 
v1 
V5 
ere 





HD61103A 


5 S ) 
---- SECTION 








1 frame 


V 
V6 
V2 


2 Sa 


V 
v6 


DL 
(DR) 


— 


47 48 49 


:_— 


V 
V5 


3 
- at SHL='L' 


V6 
(x63) V6 


> 
> 
CL2 
X1 
(X64) 
X2 
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312 


a) 


Example of Connection 2) 


* Use with HD61830 (Display controller) 


Open 
Vec 
Open 


V5 


V2 


— 
be 
ee 
dp) 
WJ 
i.) 
” 
oT | 
7-o 
w 
< 
(se) 
jo) 
put 
poe) 
e 


VEE 


See Example of Connection (1) 


GND 


Open 
Open 
Open 


1/64 duty ratio (See Connection List "A") 
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LCD panel 









MB 
CL1 
FLM 


(Display Controller) 






HD61830 
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1/64 duty ratio 


a) 


Example of Waveform 





HD61103A 


uy wy 
> > > 
= Cag eee 
N 
> 
> a a a a, I pa ce ot i RS ee i 
| | | 
| | 
| _ 4 
| {9 | 
| | & aa 
| U4 | 
ie fires | | 
| | | 
| ! | 
| 
| 
(oa) 
N 
rd 
~t 
\O 
| 
| | 
: | 
v | 
A | | 
ha | | 
| 
rd | | 
| | 
| tad 
= 
° c 
ro 
ony ep) 
4) 
w 
N 4 
oe 
et A 
co qo 
> i HI 
fu ie) 





Maa ee 
O€8TICH Woss 
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S) = On ETO) 


1 











HD61103A 


b) 1/100 duty ratio (See Connection List 'B' 'C') 


Vcc 
Open? Open Vec 

Vec 
on™ 
il Va , 
&| V6 
+ o a 
5) | 
: sf 

OY 

8} v5 2 & 
U4 rw) 
O° < wu 
‘i V2 a a 
+ cade 
Qu on : 
& a 
a A = — (x64) 
fx 
4 | VEE \ 
YD 

GND 


1 DR (DL) 





Panel 





fy 
1) 
ro 
re 
re) 
is 
is 
co O 
oe ee) 
Ne) 
~ 
Aa 
re 
A, 
09] 
oe 
Qa 





vp) 
V2L,V2R “ 


<{ 
54) 
oo) 
rt 
mn 
.o 
fo 


= 
ui 
ja 
1¢p) 
ce) 
is.) 
nN 
N ec 
ON 
a 

Ww 





Vec 
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1/100 duty 


b) 


Example of Waveform 





HD61103A 


64) [65) [66] 
V 
v2 


Y 
S| 
w 
u 

UH 

rt 





FLM | 
| 
tL. 
iol [1] [2] [3 
| | | 
| | | 
| | | 
| V1 
V6 
| V5 
| 
| 
| 
V6 
V5 
| 
| 
| V6 
| V5 
Py 
Lo 
| 
lvs 
V2 
( ): Case of SHL=Low level 


one ete oO 
< > 
pra 
aS cx o~ _~ 
oe 4S Vie) er aA 
dd bd bd oo 
5 3 x a 2 ms bd bd bd bs os 
a ee | Ne ee ae 
O¢8 19dGH IT°ON VEOLT9GH c°ON VEOTT9GH 
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1 








HD61200 
(LCD Driver with 80-Channel Output) 


DESCRIPTION 
The HD61200 is a colume driver LSI for 


a large-area dot matrix LCD. This 
employs 1/32 or more duty multiplexing 
method. It receives serial display 
data from a microcomputer or a display 
control LSI, HD61830, etc., and 
generates liquid crystal driving 


signals. 


HB FEATURES 


@ Liquid crystal display driver with 
serial/parallel conversion 


function. 


@ Internal liquid crystal display 


driver ...... . 80 drivers 


® Drives liquid crystal panels with 


1/32 - 1/128 duty multiplexing. 


@ Capable of interfacing to LCD 
controllers, HD61830 and HD61830B. 


@ Data transfer rate .... 2.5 MHz max 


@ Power supply 
Vec - 5V+10% (Internal logic) 





@ Power supply voltage for liquid 
crystal display drive ... 8V% 17V (Top View) 


@ CMOS process 


@ 100-pin flat plastic package (FP-100) 
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HD61200 


MM ABSOLUTE MAXIMUM RATINGS 


a 
[serv wines @ | wer [Yeisen | vf 
tensa wits [Wn [osevews |v] eo 










Vcc 
VEE 
VT1 


(Note 1) LSI's may be permanently destroyed if being used beyond the 





absolute maximum ratings. In ordinary operation, it is 
desirable to use them within the limits of electrical 
characteristics, because using beyond these conditions may 


cause malfunction and poor reliability. 
(Note 2) All voltage values are referred to GND=0V. 


(Note 3) Applies to input terminals, FCS, SHL, CL1, CL2, DL, DR, E and 
M. 


(Note 4) Applies to Van, Vir Vou, Vor, Vor, Var, Var and VaR. Must 
maintain 
Vecc2V1L=V1R2V3L=V 3R2V4L=V4R2V2L=V2R2VEE. 


Connect a protection resistor of 472410% to each terminals in 


series. 
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SECTION 


1 








HD61200 


BM ELECTRICAL CHARACTERISTICS 


@ DC CHARACTERISTICS 
(Vcec=5V+10%, GND=0V, Vcc-VEE=8V.17V Ta=-20.75°C) 


Pinput “night voitage | vy | 
Ptepue “tow” votease |v | iY 0 


F ; Load current= 
Driver ON Resistance | on 100uA p= | 
Input Leakage Current Vin=0 to Vcc 












r 
Input Leakage Current | I[L2 | VIN=VER to VCC 


Dissipation Current (2) 


(Note 1) Applies to CL1, CL2, SHL, E, M, DL and DR. 





(Note 2) Applies to CAR. 


(Note 3) Applies to Viz, Viz» Vaz» Vor» V3z> V3p» Vaz and Vyup- 
(Note 4) Specified when display data is transfered under following 
conditions. 
CL2 frequency fcpp = 2.5MHz (data transfer rate) 
CcL1 frequency fcop] = 4.48kHz (data latch frequency) 
M frequency fy = 35Hz (frame frequency/2) 
Specified at Vyy=Vcc (Vv), Vrip=0V and no load on outputs. 
Ignp : currents between Vcc and GND. 
IkE : currents between Vcc and VEE. 


(Note 5) Resistance between terminal Y and terminal V (one of VIL, VIR, 
V2L, V2R, V3L, V3R, V4L and V4R) when load current flows through 
one of the terminals Yl to Y80. This value is specified under 


the following condition. 


| VCC - VEE = 17 V | 
VIL=V1R, V3L=V3R = VCC-2/7 (VCC-VEE) 
V2L=V2R, V4L=V4R = VEE+2/7 (VCC-VEE) 
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HD61200 


RON 
VIL, VIR ———_-O 
ae aeece eras. 
ee Terminal Y SECTION 
V4L, V4R ———————"—_-O (Y1 ~ Y80) 


V2L, V2R 1 


Here is a description of the range of power supply voltage for liquid 





crystal display drive. Apply positive voltage to VIL=VIR and V3L=V3R 
and negative voltage to V2L=V2R and V4L=V4R within the AV range. This 
range allows stable impedance on driver output (RON). Notice the AV 


depends on power supply voltage VCC-VEE. 


VCC 
V1 (V1L=V1R) 


V3 (V3L=V3R) The Range of Power Supply 
Voltage for Liquid Crystal 
Display Drive 


V4 (V4L=V4R) 





V2 (V2L=V2R) 
VEE 


8 17 
VCC - VEE (V) 
Correlation between Driver Output Correlation between Power 
Waveform and Power Supply Voltages Supply Voltage VCC-VEE and AV 


for Liquid Crystal Display Drive 
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HD61200 : 





MM TERMINAL CONFIGURATION 


@ Input Terminal 
Vec 
PMOS 
NMOS 


@ Input Terminal (with Enable) 


Applicable terminals : 
CL1, CL2, SHL, E, M 


Applicable terminal: DL DR 


Vec Vec 


a aS (OE) 0 


DR 


SHL 





@ Output Terminal 


Vec 


Applicable terminal : CAR 
PMOS 


NMOS 


@ Output Terminal 
Applicable terminals: 
Yl ~ Y80 


Vin, Via 


Vaz, Vr 


Var, Var 





Vor, Ver 
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HD61200 


@ AC CHARACTERISTICS 
(Vec=5V+10%, GND=0V, Ta=-20. +75°C) 


Symbol Min. 
Tctock tow fever wiaeh [Few 


Clock rise/fall time tee 


M phase difference time tcm 











SECTION 


1 









> 
oO 
>) 


ct | ct 
2) ?) 


_ 
© 
oo) 
Re 
< 
ae] 






Ww 


rt ct | ct 
o m 1M 
ida) aQ 1-2Q 
om, roi 


e 
© 
© 


(tt 
oO 
'?) 
Ad 


(Note 1) The following load circuits are connected for specification: 


test point 
tect tet L 


30pF 






CL1 


CL2 
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Zoe 


o0ee-6es (SL) © GI8L-SOOPE WD ‘aUegSUg @ AMYd JUIOd PLIZIS OONZ e BZEld IYOENH © ‘p)] BOVaWY 1y9eNY 


(>) 


VinV2aLV3LV4L Y1 Y2 | ¥80 Via Von oR aR 


| ed oo Liquid crystal display |_ #9 Ilraizafo0 
driver circuit 


Latch circuit 2 






ee 80 bits 7 9 Voc 
| GND 
Vir 
lo}! | | Latch circuit 1 
1,213,4 5, 617,8 arate 
DL if 
DR 
SHL 
CL2 
E 
‘CAR 
FCS 


a ee ee | Control circuit 


WYHSVIG AI01d 


00¢c1L9CH 





HD61200 


MM BLOCK FUNCTION 
@ Liquid Crystal Display Driver Circuit oy = Om BO) \\| 


The combination of the data from the latch circuit 2 and M signal causes 


one of the 4 liquid crystal driver levels, Vl, V2, V3 and V4 to be output. | 1 


@® 80-bit Latch Circuit 2 





The data from latch circuit 1 is latched at the fall of CL1l and output to 


liquid crystal display driver circuit. 


@ S/P 


Serial/Parallel conversion circuit which converts l-bit data into 4-bit 
data. When SHL is "L" level, data from DL is converted into 4-bit data 
and transferred to the latch circuit 1. In this case, don't connect any 


lines to terminal DR. 


When SHL is "H" level, input data from terminal DR without connecting any 


lines to terminal DL. 


@ 80-bit Latch Circuit 1] 


The 4-bit data is latched at $1 % $20 and output to latch circuit 2. 
When SHL is "L" level, the data from DL are latched one in order of 
19273 ... +80 of each latch. When SHL is "H'" level, they are latched in 
a reverse order (8077978 ... 71). 


@ Selector 


The selector decodes output signals from the counter and generates latch 
clock ¢1 to $20. When the LSI is not active, $1 ~ $20 are not generated, 
so the data at latch circuit 1 is stored even if input data (DL, DR) 
changes. 


@ Control Circuit 


Controls operation : When E-F/F (enable F/F) indicates "1", S/P conversion 
is started by inputting "L" level to E. After 80-bit data has been all 
converted, CAR output turns into "L" level and E-F/F is reset to "0", 

and consequently the conversion stops. E~F/F is RS flip-flop circuit 


which gives priority to SET over RESET and is set at "H" level of CLl. 


Counter consists of 7 bits, and the output signals of upper 5 bits are 
transferred to the selector. CAR signal turns into "H" level at the 
rise of CL1 and the number of bit which can be S/P-converted increases 
by connecting CAR terminal with E terminal of the next HD61200. 
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HD61200 


WE TERMINAL FUNCTIONS DESCRIPTION 


Terminal | Number of r/o Connected Honewions 
name terminals to 


Vcc 1 Power 
GND 1 supply 
VEE 1 


VIRWyp 
0 


Y1VY80 80 







Vcc-GND : Power supply for internal logic 
Vcc"VEE : Power supply for LCD drive 


circuit 


Power supply for liquid crystal drive 














ViL (Vip), V2L (V2R)...selection level 
Var, (Vp) Var (V)p)++-non- selection level 
Power supplies connected with Vin and 
Vig(Vor & Vor» Vaz & Var, Vat & Var) 
should have the same voltages. 








Liquid crystal driver outputs 
Selects one of the 4 levels, V1, V2, 
V3 and V4. 


Relation among output level, M and 





display data (D) is as follows. 







Output 
lavel [va [v3 [v2 [| 


Switch signal to convert liquid crystal 


i ee 


Goin 


ie 
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drive waveform into AC. 





Synchronous Signal (a counter is 


reset at "High" level) 
Latch clock of display data (fall edge 


trigger). 
Synchronizing with the fall of CLl, 
liquid crystal driver signals corres- 


ponding to the display data are output. 





Shift clock of display data (D) 
Fall edge trigger 





HD61200 


Terminal | Number of a7 
Functions 
name terminals 


Liquid crystal] Liquid crystal | 
driver output |display 
1 (H level)} selection 
level 
level 
Vcc or GND |Selects a shift direction of serial 
data. 
When the serial data (D) is input in 
order of Dl> ... »D80, the relations 
between the data (D) and output Y are 
as follows. 
When SHL is "L", data is input from 
the terminal DL. Any lines should not 
be connected to the terminal DR. 
When SHL is "H", the relation between 
DL and DR reverses. 





SECTION 







1 






















GND or the | Controls the S/P conversion. 
terminal 
CAR of the 
HD61200 





The operation stops with "H" level, 


and the S/P conversion starts with 






"EL" level. 
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HD61200 
a a 
name terminals 


the input_| Used for cascade connection with the 
terminal E HD61200 to increase the number of bit 
of the 

HD61200 which can be S/P converted. 


Input terminal for test. 
























Connect to GND. 


MB THE OPERATION OF THE HD61200 


The following is the LCD panel with 64 x 240 dots on which characters are 
displayed with 1/64 duty dynamic drive. Fig. 1 is an example of liquid 
crystal display and connection to HD61200 's. Fig. 2 shows a time chart 
of 1/0 signals of HD61200 
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HD61200 





Il, }; 1, 1, |; 1, 

noe 1 [2] | 80] a1 
2, | 2, 2, | 2, SECTION 
3% 35 3% 


Yl = Y2 
















HD61200 (NO.1) HD61200 (NO.2) HD61200 (NO.3) 
~~] “DA aN ~ resen 
, m Pee cee esl le eo eee ee 





AS ooue Ee 
HnNAmeOOURA ly 


<< 

e 
Peete 
E 
OPEN 
OPEN 


CL1 © 
DATA O 


Fig. 1 LCD driver with 64 x 240 dots 


Cascade three HD61200 s. Input data to the terminal DL. of NO.1, NO.2 and 
NO.3. Connect E of NO.1 to GND. Don't connect any lines to CAR of NO.3. 
Connect common signal terminals (COM1 ~ COM64) to X1 % X64 of common 
driver HD61203. (m,n) of LCD panel is the address corresponding to each 
dot. 
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8ZE 


0088-685 (Sir) © 6L8I-SO0PE VO ‘aUegsLig © AMyd JUl0d BIS 0002 © BZEld IYDEIH © “P}] BOVeWY 1YydeNH 


IHOVLIH © 


cL2 Un 
DL 


CAR (NO1) J~l#(No2) 


UU SU 
a 


CAR(NO2) [~Fco3) : 


7S — RTlaneenen oo a RENE 
CAR(NO3) |) rcenen smemmameeimeia: mina OO 
Yivy80 ee 


—_——— 
— eo 
—_ 
—_—_ — 
— oe ooo 
— oe eee eae ae 
— —— oe oe oe 
—_—_ 
—_ we 
—_—— 
—— 


yiwy80 {near ce cirares ae: 


eee ai 
Lge ee] RAMEY ee eee ee 
| fe 
aaa Oe a Ee a 
CLI | 
¥1¢NO1) SKE XE KEKE KEKE ------ = cD.) CD CD CD GD GD GD GD GEE Enres NOX DOYLE 
20801) {DEX DOOENE ------- = EEKEXEMEX XN ----- - 2XOORDOOOC 
80 (va1) XESS we ------- Xow XneXaXonXeeX XX XX on noo 2 GD  @ a a 
1000) JO@OXGEXE ------ DO@QBBBEOQOO a, GD GS GS te Gh ae 


00clL9CH 


Timing 
chart 

of 
horizontal 
direction 


Timing 
chart 

of 
vertical 
direction 


Timing 
chart 
of 
liquid 
crystal 
display 
driver 
output 


Timing chart in the example of connection of Fig.1. DL input (m,n) is the data which corresponds to each 


address (m,n) of LCD panel. 


Fig. 2 HD61200 Timing Chart 





HD61200 


ME EXAMPLE OF APPLICATION 


SECTION 


e@ An example of 128 x 240 dot liquid crystal display (1/64 duty) 


240 dots 


1 





HD61200 (NO.1) 


(SOP 479) 
yeued rz9ddy 


DATA(1)o 
M O | 

CL10 
CL20 | 
DATA(2)o 


a~ to 
(oe) 
fz 
(4) 
ma wR 
ie) 
cr UO 
wm 
ww 
@o 
| cae 


Liquid crystal panel is divided into upper and lower parts. These two 
parts are driven separately. HD61200s of No.l V No.3 drive upper half. 
Serial data, which are input from DATA (1) terminal, appear at Y, > Y2 > 
-- Ygq terminal of No.1, then at Y, > Y2*>-- Ygq of No.2 and then at 

Y,; > Y2 + -- Ygo of No.3 in order where they were input. (in the case 

of SHL=L). HD61200s of No.4 % No.6 drive lower half. Serial data, which 
are input from DATA (2) terminal, appear at Ygy * T79 > -- Yj of No.4, 
then at Yg9 > Y79 > -- Y, of No.5 and then Ygo + Y7q + -- Y1 of No.6 in 


order where they were input (in the case of SHL=H). 


As shown in this example, PC board for display divided into upper and 


lower half can be easily designed by using SHL terminal effectively. 
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HD61202 
(Dot Matrix Liquid Crystal Graphic 


Display Column Driver) 
DESCRIPTION 
HD61202 is a column (segment) driver 


for dot matrix liquid crystal graphic 
display systems. It stores the display 
data transferred from a 8-bit micro- 
computer in the internal display RAM 
and generates dot matrix liquid crystal 


driving signals. 


Each bit data of display RAM corres- 
ponds to ON/OFF of each dot of liquid 
crystal display to provide more (FP-100) 





flexible display. 


As it is internally equipped with 64 z PIN ARRANGEMENT 
output drivers for display, it is 
available for liquid crystal graphic 


display with many dots. 


The HD61202 which is produced in the 
CMOS process, can accomplish a 
portable battery drive equipment by 
combining a CMOS micro-computer, 
utilizing the liquid crystal display's 


lower power dissipation. 


Moreover it can facilitate dot matrix 
liquid crystal graphic display system 
configuration by combining the row 


(common) driver HD61203. 





(Top View) 


FEATURES 


@ Dot matrix liquid crystal graphic display column driver incorporating 


display RAM. 


.@ RAM data direct display by internal display RAM 
RAM bit data "1" ,.......... ON 
RAM bit data "O" ........... OFF 


@ Internal display RAM address counter preset, increment 


@ Display RAM capacity .......,. 512 bytes (4096 bits) 
HITACHI 
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@ 8-bit parallel interface 


@® Internal liquid crystal display driver circuit .........- 64 


SECTION 


@ Display duty 
Drives liquid crystal panels with 1/32 ~ 1/64 duty multiplexing. 1 


@ Wide range of instruction function 





Display Data Read/Write, Display ON/OFF, Set address, Set Display 
Start line, Read Status 


@ Lower power dissipation......... during display 2mW max 
Power supply VGG@x oie 5V + 102 

@ Liquid crystal display driving voltage___8V ~ 17.0V 

@ CMOS process 


@ 100 - pin flat plastic package (FP-100) 


MM} ABSOLUTE MAXIMUM RATINGS 


a Mao 
VEE1 


(Note 1) LSI's may be destroyed for ever, if being used beyond the 





absolute maximum ratings. 

In ordinary operation, it is desirable to use them observing 
the recommended operation conditions. 

Using beyond these conditions may cause malfunction and poor 


reliability. 
(Note 2) All voltage values are referred to GND=OV. 
(Note 3) Apply the same supply voltage to Vgp 1 and Vp. 


(Note 4) Applies to VIL, V2L, V3L, V4L, VIR, V2R, V3R and V4R. 
Maintain 
Vec2V1LL=V1R2V3L=V3R2V4L=V4R2V2L=V2R2VEE 


(Note 5) Applies to M, FRM, CL, RST, ADC, $1, $2, CS1, CS2, CS3, E, R/W, 


D/I, and DBOV7. 
pean ees @ HITACHI 
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Mi ELECTRICAL CHARACTERISTICS 
(GND=0V, VCC=4.5 ~ 5.5V, Vcc-VEE=8117.0V, Ta=-20v+75°C) 


i ey 








/ 
re) 
b 
ct 
7 
S 
ct 
@ 


Typ. 








Input "High" voltage 


Input "Low" voltage 
[opus "tow voteage Vinr aon 


THT 2.0 | 
Vine eed 
Output "High" voltage |V LOH=-205pA 
OH 
You Eee 





Fine 


Q 

wi] << 
xia 
aio 

ro) 
<|<|<) 
ewe 


+ 
re 
© 


© 

& 
= 
- 


Output "Low" voltage Vox, | TOL=1.6mA 
Input leakage current 'Iy,, _ [Vin=GNDwVec 


Three state (OFF) Vin=CNDvVeec 
input current 

Vec-VEE=15V 

+I oap=9 -lmA 


During display 


+ 
WN 
© 










+ 

~ No 

eS = 
— = = 














access 
cycle= 
1MHz 


Dissipation 





During 
access 








(Note 1) Applies to M, FRM, CL, RST, $1 and $2. 


(Note 2) Applies to CS1, CS2, CS3, E, R/W, D/I and DBO % 7. 
(Note 3) Applies to DBO v 7. 

(Note 4) Applies to terminals except for DBO % 7. 

(Note 5) Applies to DBO ~ 7 at high impedance. 

(Note 6) Applies to VIL ~ V4L and VIR © V4R. 


(Note 7) Specified when liquid crystal display is in 1/64 duty. 
Operation frequency fo, K=250 kHz (61 and $2 frequency) 
Frame frequency fy = 70 Hz (FRM frequency) 


Specified in the state of 


Output terminal ----- not loaded 
Input level -------~~ Vipn=Vec (V) 
Viz,=GND (V) 


Measured at Vcc terminal 
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(Note 8) Resistance between terminal Y and terminal V (one of VIL, VIR, 
V2L, V2R, V3L, V3R, V4L and V4R) when load current flows through 


one of the terminals Yl to Y64. This value is specified under S} = On BLO) 
the following condition. 


15.5V 1 


VCC-2/7 (VCC-VEE) 
VEE+2/7 (VCC-VEE) 
RON 


VCC - VEE 
VIL=V1R, V3L=V3R 
V2L=V2R, V4L=V4R 





VIL, VIR —————__o 


V3L, V3R ——————_O 


Terminal Y 
(Yl ~ Y64) 


Val, VAR =e 


V2L, V2R 


Here is a description of the range of power supply voltage for liquid 
crystal display drive. Apply positive voltage to VIL=V1R and V3L=V3R 
and negative voltage to V2L=V2R and V4L=V4R within the AV range. 

This range allows stable impedance on driver output (RON). Notice that 


AV depends on power supply voltage VCC-VEE. 


VCC 
V1 (V1L=V1R) 


The Range of Power Supply 
V3 (V3L=V3R) Voltage for Liquid Crystal 
Display Drive 


AV (V) 


V4 (V4L=V4) 
V2 (V2L=V2R) 
VEE 





8 17.0 
VCC - VEE (V) 
Correlation between Driver Correlation between Power 
Output Waveform and Power Supply Voltage VCC-VEE and AV 


Supply Voltages for Liquid 
Crystal Display Drive 
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a Terminal Configuration 


@ Input Terminal 


Vee Applicable terminals : 
M, FRM, CL, RST, $1, $2, CSI, CS2, CS3, 
E, R/W, D/I, ADC 
PMOS 


NMOS 


@ Input/Output Terminal 


Applicable terminals : DBO VDB7 


V 
(°(Input circuit) 


a eee : 







NMOS 


Geri ess Output circuit 


(three state) ) 


@ Output Terminal 


Applicable terminals: 
Yl ~ Y64 


VIL,V1R 
V3L,V3R 
V4L,V4R 


V2L ,V2R 
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@ INTERFACE AC CHARACTERISTICS 


(1) MPU Interface 
(GND=0V, Vec=4.5 \ 5.5V, Ta=-20V+75°C) | So} = On BLO) \\) 





E high level width 450 


=) 
wn 
eS 

ww 


Ww 
No 
© 









Ww 


& 
Oo;oO 
No 
ni 


No 





tr 
tf 
Cas 


[data delay cine | ta | —_ 
ae 


Data hold time (Read) 


a | 
= 
p= 





3 


” ” 

NO} me} Bo 
ve 
Ww 








(Note 1) (Note 2) 
t 
2.0V 
: o. svt WEL Re E 
| | 
R/W o Ae Cas i R/W 
AS ol TT hLtay 


D/I 0.8V D/I 
tposw —Hel-tpnw 
2.0V =O 


DBO” 7 { , DBO 7 
0.8V 





Fig. 1 CPU Write Timing Fig. 2 CPU Read Timing 


(Note 3) DBO ~ 7 : load circuit 


RL=2. 4K2 
Test a R =11K2 
Peres C _ D2 C =130pF (including jig capacity) 
i DE Diodes D1 to D4 are all 182074@. 
© HITACHI ee 
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(2) Clock Timing 
(GND=0V, Vec=4.5 ~ 5.5V, Ta=-20%+75°C) 
Test 








1 "Low" level width t 


o2 "Low" level width twio2 

o1 "High" level width i 

$2 "High" level width twHd2 | Hie. 3 fiers | = | 

af 

=f [ope 
| a 


1, $2 rise time 
o1, $2 fall time 


teyc 
tg 
61 0.7Vcc 
0.3Vcc 
twLol 
2 t 
$ 0. 3Vcc wine? 


Fig. 3 External Clock Waveform 
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(3) Display Control Timing 


(GND=OV, Voc=4.5 v 5.5V, Ta=-20%+75°C) 


Test 







CWLCL 


“DFRM CD FRM 
0.7Vcc \ 
FRM 0.3Vcc 
CoM 
0.7Vcc 
m 0.3Vcc 


Fig. 4 Display Control Signal Waveform 
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SECTION 











HD61202 


Mm BLOCK DIAGRAM 


edd 
aN OM 
rr > PP 


aN OS 
a Pp 















Display data latch 














4 
cc) 
2 3 
ADC 3 
° w W 
YU 4 ered 
w Q 
n eo) 
n Ne) ) 
nn) b> oO uw @ 
M4 w fo) eo 
Mo) re <tr ww 
Me) A, W ord 
is) n fe!) 
“eo ma @ 
Bd A Mu 
Vee a @ 
“a 
GND ord ord 
And 
VEE1 
VEE2 







| 
=| 
Oo 
4 | 
4 
a! 
o | Input Output 
7 register register 
a 
U4 | 00 
fe 
go! 
Ch RST 
ol 
o2 
‘o) 
YW) ~ 
6a 
A A 
as Rowe 
Om A Oo 
. 62 
g . 
oO 
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MM TERMINAL FUNCTIONS 


Terminal |Number of Connected . 
: I/O Functions 
name terminals to 


Power Power supply for internal logic. 
supply 


VIL, VIR Power 
V2L, V2R supply 
V3L, V3R 

V4L, V4R 
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SECTION 





Recommended voltage is 
GND = OV 
vec = 5V + 102 


I 





















Power supply for liquid crystal 
display drive circuit. 
Recommended power supply voltage is 


Vec-VEE=8 v 15.5V. Connect the same 








power supply to Ver, and VERF2. 
VEF] and VeR2 are not connected each 
other in the LSI. 


Power supply for liquid crystal 





display drive. 

Apply the voltage specified depending 
on liquid crystals within the limit 
of Vip through Vcc: 

VIL(V1R), V2L(V2R)---Selection level 
V3L(V3R), V4L(V4R)---Non-selection 
level 
Power supplies connected with VIL and 


VIR (V2L & V2R, V3L & V3R, V4L & V4R) 





should have the same voltages. 


Chip selection. 








Data can be input or output when the 





terminals are in the next conditions. 


cc 


Enable 
At write(R/W=L) : Data of DBO to DB/7 
is latched at the 
fall of E. 
At read(R/W=H) : Data appears at 

DBO to DB7 while 


























E is in "High" 





level. 





HD61202 





Functions 
name terminals 
R/W Read/Write 
R/W=H : Data appears at DBO to DB7 
and can be read by the CPU 
When E=H, CS1, CS2=L and 
CS3=H. 

: DBO to DB7 can accept at 
fall of E when CSI, CS2=L 
and CS3=H. 

. nie 
¥ 
DBOVDB7 
LEE -_ 


- 
ais ; 
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Data/Instruction 





D/I=H : Indicates that the data of 
DBO to DB7 is display data. 
: Indicates that the data of 
DBO to DB7 is display control 
data. 





Address control signal determine the 


relation between Y address of display 






RAM and terminals from which the data 
is output. 
ADC=H : Y1-$0, Y64-$63 
ADC=L : Y64-$0, Y1-$63 











Data bus, three-state I/O common 





terminal 


Lae 
~~ 
© 
8 
Cc 


Switch signal to convert liquid crystal 













drive waveform into AC. 


Display synchronous signal (frame 
signal). 
This signal presets the 6-bit display 





line counter and synchronizes a common 
Signal with the frame timing when the 


FRM signal becomes high. 


Synchronous signal to latch display 
data. The CL signal indicates to 
count up the display output adress 
counter and latch the display data at 


rising. 





HD61202 


Terminal | Number of aa sae 
Functions 
name terminals 


61,92 HD61203 2-phase clock signal for internal 
operation. 
The $1 and $2 clocks are used to 
perform the operations (I/0 of display 
data and execution of instructions) 
other than display. 


SECTION 












1 









Y1LVY64 Liquid Liquid crystal display column (segment) 
crystal , 
d? splay drive output. 


These pins outputs light ON level when 








"1" is in the display RAM, and light 
OFF level with "0" in it. 







Relation among output level, M and 


display data (D) is as follows. 



















Output 
Vavel [va [v3}v2 [va] 


The following registers can be 







CPU or 
external 


CR initialized by setting the RST signal 


to "Low" level. 
(1) ON/OFF register 0 set (display 
OFF) 







(2) Display start line register 0 


line set (displays from O line) 






After releasing reset, this condition 






can be changed only by the instruction. 






Unused terminals. Don't connect any 






lines to these terminals. 





(Note) "1" corresponds to "High level" in positive logic. 
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MM FUNCTION OF EACH BLOCK 


@ Interface Control 


(1) 1/0 buffer 


Data is transferred through 8 data buses (DBO ~ DB7). 
DB7 .... MSB (Most Significant Bit) 
DBO .... LSB (Least Significant Bit) 


Data can neither be input nor output unless CSI to CS3 are in the 
active mode. Therefore, when CSI to CS3 are not in active mode it 
is useless to switch the signals of input terminals except RST and 
ADC, namely, the internal state is maintained and no instruction 
excute. Besides, pay attention to RST and ADC which operate 


irrespectively by CS1 to CS3. 


(2) Register 


Both input register and output register are provided to interface to 
MPU of which the speed is different from that of internal operation. 
The selection of these registers depend on the combination of R/W 


and D/I signals. 


Table 1. Register Selection 










Reads data out of output register as internal 


operation (display data RAM > output register) 











Writes data into input register as internal operation 


(input register > display data RAM) 


Busy check. Read of status data. 


@) Input register 





Input register is used to store data temporarily before writing 
it into display data RAM. 

The data from MPU is written into input register, then into 
display data RAM automatically by internal operation. 

When CS1 to CS3 are in the active mode and D/I and R/W select 
the input register as shown in Table 1, data is latched at the 


fall of E signal. 
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Q) Output register 


Output register is used to store data temporarily which is read SECTION 
from display data RAM. To read out the data from output register, 
CS1 to CS3 should be in the active mode and both D/I and R/W 1 
should be 1. With READ instruction, data stored in the output 





register is output while E is "H" level. Then, at the fall of E, 
the display data at the indicated address is latched into the 
output register and the address is increased by l. 

The contents in the output register is rewritten with READ in- 


struction, while is held with address set instruction, etc. 


Therefore, the data of the specified address can not be output 
with READ instruction soon after the address is set, but can be 
output at the second read of data. That is to say, one dummy 


read is necessary. Fig. 5 shows the CPU read timing. 


ie 

8 

Fees le eS Le a Te Le er 
Address aa aa N+] N+2 


eens 
register Data,at.address Nj Data at address N+tl 




















| Busy | Write Busy Read Busy | Read Busy |Data read 
DBO 7 | check | address| check | data check | data at] check | address 
N (dummy ) address N+1 
N 
Fig. 5 CPU Read Timing 
@ Busy Flag 


"I" of busy flag indicates that HD61202 is on the move and any instruc- 
tions except Status Read instruction can not be accepted. The value of 
the busy flag is read out on DB7 by the Status Read instruction. Make 


sure that the busy flag is reset ("0") before the issue of instruction. 


E | 


Busy 
fla 
g le— ee _»| 1/foyysT BusyS3/fgr, 


fork 1s $1, $2 frequency 
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@ Display ON/OFF Flip Flop 


Display ON/OFF flip flop selects one of two states, ON state and OFF state 
of segments Yl to Y64. In ON state, the display data corresponding to 
that in RAM is output to the segments. On the other hand, the display 
data at all segments disappear in OFF state independent of the data in 
RAM. It is controlled by display ON/OFF instruction '0' of RST signal 
sets the segments in OFF state. The status of the flip flop is output to 
DB5 by Status Read instruction. Display ON/OFF instruction does not 
influence data in RAM. To control display data latch by this flip flop, 


CL signal (display synchronous signal) should be input correctly. 


Display Start Line Register 


The register specifies a line in RAM which corresponds to the top line of 
LCD panel, when displaying contents in display data RAM on the LCD panel. 


It is used for scrolling of the screen. 


6-bit display start line information is written into this register by 

display start line set instruction, with 'H' level of FRM signal instruc- 
ting to start the display, the information in this register is transferred 
to Z address counter which controls the display address, and the Z address 


counter is preset. 


X, Y Address Counter 


This is a 9-bit counter which designates addresses of internal display 
data RAM. X address counter of upper 3 bits and Y address counter of 


lower 6 bits should be set each address by respective instruction. 


(1) xX address counter 


Ordinary register with no count functions. An address is set in by 


instructions. 


(2) Y address counter 


An address is set in by instruction and it is increased by 1 auto- 
matically by R/W operations of display data. The Y address counter 


loops the values of O to 63 to count. 


Display Data RAM 


Dot data for display is stored in this RAM. 1l-bit data of this RAM 
corresponds to light ON (data=1) and light OFF (data=0) of 1 dot in the 
display panel. The correspondence between Y addresses of RAM and segment 
PIN b d by ADC si 
s can be reversed by °C HITACHI 
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As ADC signal controls Y address counter, a reverse of the signal during 
the operation causes malfunction and destruction of the contents of 

register and data of RAM. Therefore, never fail to connect ADC pin to SECTION 
Vcc or GND when using. 


Fig. 6 shows the relations between Y address of RAM and segment pins in 1 
the cases of ADC=1 and ADC=0. (display start line=0, 1/64 duty). 
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COM1 . (HD61203 
CoM2 (HD61203 
COM3 (HD61203 
COM4 (HD61203 
LCD — COM5 (HD61203 
display pattern COM6 (HD61203 
COM7 (HD61203 
COM8 (HD61203 
COM9 (HD61203 
COM62 (HD61203 
COM63 (HD61203 
Rae COM64 —s- (HD61203 
dolesives 
Line 0--= 0 Jo jt DBO (LSB) 
Line 1 7~7~7— 0 0 10 |. ps DB1 
Line 2-~— Savage DB2 
0 fo [1 4-9 . DB3 
- a DBA 
Display ne DB5 
RAM data __.__ 0 0 fo 2-779] DB6 
0 | DB7 (MSB) 
| ____ of0}0 [0 
X=1 eee | || | 
! it 
X= ed OR PD ico 
| o. 
Line 62 -——-—|l- 
Line 63 —— -l0 }o{o|o{o}o. 
Oo 23.5 6162 63 


(a) ADC="1" (Connected to Vcc) 


Fig. 6 Relation between RAM Data and Display 
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X1) 
X2) 
X3) 
X4) 
X5) 
X6) 
X7) 
X8) 


X9) 


X62) 
X63) 
X64) 
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SECTION 


1 


COM1 (HD61203 X1) 
COM2 (HD61203 X2) 
COM3 (HD61203 X3) 
COM4 (HD61203 X4) 
COMS (HD61203 X5) 
COM6 (HD61203 X6) 
COM7 (HD61203 X7) 
COM8 (HD61203 X8) 
COM9 (HD61203 X9) 





LCD 
display pattern 











COM62 (HD61203 X62) 
COM63 (HD61203 X63) 
COM64 (HD61203 X64) 


Line-0+== DBO (LSB) 
Line 1--— Fe 0 | rime DB1 
Line 2-~-}-41[0|0{0]1|0| of o{1| DB2 
eg) 110.010) Ee DB3 
DB4 
‘ DB5 
Display 
RAM dat DB6 
‘i DB7 (MSB) 
= 
X=7 
Line 62--- 
Line 63-— 


61 6263 RAM Y Address 


(b) ADC="0" (Connected to GND) 


Fig. 6 Relation Between RAM Data and Display 
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@ Z Address Counter 


The Z address counter generates addresses for outputting the display data 
synchronized with the common signal. This counter consists of 6-bit and 
counts up at the fall of CL signal. With "H'" level of FRM, the contents 


of the display start line register is preset at the Z counter. 


Display data Latch 


The display data latch stores the display data temporarily which is 
output from display data RAM to liquid crystal driving circuit. 

Data is latched at the rise of CL signal. Display ON/OFF instruction 
controls the data in this latch and does not influence data in display 


data RAM. 


Liquid Crystal Display Driver Circuit 


The combination of latched display data and M signal causes one of the 4 


liquid crystal driver levels, V1, V2, V3 and V4 to be output. 


Reset 


The system can be initialized by setting RST terminal at "Low" level 


when turning power ON. 

1) Display-OFF | 

2) Set display start line register 0 line. 
While RST is in Low level, any instruction except Status Read cannot be 
accepted. Therefore, Carry out other instructions after making sure 


that DB4=0 (clear RESET) and DB7=0 (Ready) by Status Read instruction. 


The conditions of Power Supply at initial power up are as follows. 


Item 





Do not fail to set the system again because 
RESET during operation may destroy the data 
in all the register except ON/OFF register 
and in RAM. 
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MM Display Control Instructions 


@® Outline ho) = ON BO)" 


Table 2 shows the instructions. Read/Write (R/W) signal, Data/Instruction 
(D/I) signal and Data bus signal (DBO to DB7) are also called instructions 


because the internal operation depends on the signals from MPU. 





These explanations are detailed from the following page. Generally, 


there are following three kinds of instructions. 


(1) Instruction to give addresses in the internal RAM 
(2) Instruction to transfer data from/to the internal RAM 


(3) Other instructions 


In general use, the instruction (2) are used most frequently. But, since 
Y address of the internal RAM is increased by 1 automatically after 
writing (reading) data, the program can be lessened. During the 
execution of an instruction, the system cannot accept other instructions 
than Status Read instruction. Send instructions from MPU after making 
sure if the busy flag is "0", which is the proof an instruction is not 


being excuted. 
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Table 2. Instructions 


1 Display ON/OFF 1/0} Controls the ON/OFF of display. RAM data and internal 
status are not affected. 1:0ON, 0:OFF. 
2 Display start | display start line Specifies a RAM line displayed at the top of the screen. 
line (0-63) 


3 Set page (X 1 |Page (0%7) | Sets the page (X address) of RAM at the page (X address) 
address) : 
register. 


| 4 Set Address | Set Address Y address /y address (0063) Sets the Y address at the Y address counter 


5 Status Read Reads the status. RESET 1: reset O:normal 
ON/OFF 1: display OFF O:display ON 
Busy 1: on the internal operation 
O: Ready 


6 Write deisplay 1 Write Data Writes data DBO (LSB) to DB7 (MSB)|Has access to the 
data . on the data bus into display RAM. | address of the display 


7 Read display 1 {1 Read Data Reads data DBO (LSB) to DB7 (MSB) a a 
oats | from the display RAM to the advance. After the 
. Ades Wass access, Y address is 
increased by l. 


Note 1) Busy time varies with the frequency (fcyy) of $1, and 92. 
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@ Detailed Explanation 


(1) Display ON/OFF SECTION 





+ high-order-bit low-order-bit — 


The display data appears when D is 1 and disappears when D is 0. 

Though the data is not on the screen width D=0, it remains in the 
display data RAM. Therefore, you can make it appear by changing 

D=0 into D=1. 


(2) Display start line 
R/W D/I DB/ 











+ high-order-bit low-order-bit — 


Z address AAAAAA (binary) of the display data RAM is set at the 
display start line register and displayed at the top of the screen. 
Fig. 7 are the examples of display (1/64 duty) when the start 
line=0 ~ 3. When the display duty is 1/64 or more (ex. 1/32, 1/24 
etc.), the data of total line number of LCD screen, from the line 


specified by display start line instruction, is displayed. 
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COM1 
a COM2 
| COM3 
| COM4 
_ COM5 
COM6 
| COM7 
| COM8 
COM9 


COM1 
COM2 
COM3 
COM4 
COM5 
COM6 
COM7 
COM8 


COM9 








COM60 
COM61 
COM62 
COM63 
COM64 





Start line=0 Start line=1 





Start line=2 Start line=3 


Fig. 7 Relation Between Start Line and Display 
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(3) Set page (X address) 





R/W D/I DB7 


SECTION 





“— high-order-bit low-order~bit —> 





X address AAA (binary) of the display data RAM is set at the X 
address register. After that, writing or reading to or from MPU is 


executed in this specified page until the next page is set. 


(4) Set Y address 





<< high-order-bit low-order-bit —> 


Y address AAAAAA (binary) of the display data RAM is set at the Y 
address counter. After that, Y address counter is increased by 1 


every time the data is written or read to or from MPU. 


Y address 


0 1 2 ------------------------- 61 62 63 
X=0 
X=1 
X = 6 
X= 7 





Fig. 8 Address Configuration of Display Data RAM 
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(5) Status Read 


R/W D/I_ DB7 








<— high-order-bit low-order-bit —> 


BUSY: When BUSY is 1, the LSI is in internal operation. No 
instructions are accepted while BUSY is 1, so you should 
make sure that BUSY is O before writing the next instruc- 


tion. 


ON/OFF: This bit shows the liquid crystal display conditions - ON 
condition or OFF condition. 
When ON/OFF is 1, the display is in OFF condition. 
When ON/OFF is 0, the display is in ON condition. 


RESET: RESET=1 shows that the system is being initialized. In 
this condition, any instructions except Status Read 
instruction cannot be accepted. 

RESET=0 shows that initializing has finished and the system 


is in the usual operation. 


(6) Write Display Data 





R/W D/I DB/7 DBO 
<-— high-order-bit low-order~bit —> 


Writes 8-bit data DDDDDDDD (binary) into the display data RAM. 


Then Y address is increased by 1 automatically. 


(7) Read Display Data 





R/W D/I_ ODB7 





<— high-order-bit low-order-bit —> 
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Read out 8-bit data DDDDDDDD (binary) from the display data RAM. Then 


Y address is increased by 1 automatically. 


One dummy read is necessary soon after the address setting. For details, SECTION 
refer to the explanation of output register in "FUNCTION OF EACH BLOCK". | 
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MM The Usage of HD61202 
e Interface with HD61203 (1/64 duty) 






Vec COM1 

Vl 

V6 LCD Panel 

te 64 x 64 dots 

VEE t 
oS) oe) 
fe ea 
op) op) 


Yl ~ N__” Y64 









Vee Vee 
HD61202 V1L,VIR v1 
V2L,V2R v2 
V3L,V3R V3 
V4L,V4R V4 
VEE1,VEE2 VEE 


Vec 


External CR : 


CPU 


R3=152 
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xo LU LU WU © ~~ LJ. 
$2 1 2 3 an: LY jaous le) 


Input x Bee 





COM| X2 


X64 


Y1 


SEG \ 


Y64 





| | | | 
Selected Non-selected | 


The wave forms of Yl to Y64 outputs vary with the display data. In this 
example, the top line of the panel lights up and other dots do not. 


Fig. 9 LCD Driver Timing Chart (1/64 duty) 
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MA Interface with CPU 


a) Example of connection with HD6800 






Decoder 


HD6800 HD61202 





The example of connection with HD6800 series 


In this decoder, addresses of HD61202 in the address area of HD6800 are: 


Read/Write of the display data $FFFF 
Write of display instruction $FFFE 
Read out of status $FFFE 


Therefore, you can control HD61202 by reading/writing the data at these 


addresses. 
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b) Example of connection with HD6801 


74L8154 


SECTION 


1 








HD61202 
No.l 


HD6801 


P30 


(Data bus) | 






@ Set HD6801 in Mode 5. the external memory area ($0100 
P10 to-P14 are used as the to $O01FE) to control HD61202. 
output port and P30 to P37 In this case, IOS signal is 
as the data bus. output from SCl and R/W signal 

from SC2. 


@ 74LS154 is 4 to 16 decoder and 
generate chip select signal to @ For details of HD6800 and HD6801, 
make specified HD61202 active refer to the each manual. 
after decoding 4 bits of P10 
to P13. 


@ Therefore, after making the 
operation possible by P10 to 
P13 and specifying D/I signal 
by P14, read/write from/to. 
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@ Example of Application 








HD61202 
No.10 


Yl ~™ Y64 


HD61202 
No.16 


Yl ~™ Y32I 













LCD Panel 
128 x 480 dots 







Yl —™ Y64 
HD61202 
No.1 


Y1 ~~ Y64 


~ HD61202 
No.2 





YL -—™_ Y32 


HD61202 
No.8 









_ Note) In this example, two HD61203 's output the equivalent waveforms. 
So, stand-alone operation is possible. In this case, connect COM1 
and COM65 to X1, COM2 and COM66 to X2, ..., and COM64 and COM128 
to X64. However, for the large screen display, you had better 


drive in 2 rows as this example to guarantee the display quality. 
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HD61203 
(Dot Matrix Liquid Crystal Graphic 


Display Common Driver) SECTION 


DESCRIPTION | 
The HD61203 is a common signal driver 
for dot matrix liquid crystal graphic 


display systems. It generates the 





timing signals (switch signal to 
convert LCD waveform to AC, frame 
synchronous signal) and supplies them 


to the column driver to control 





display. It provides 64 driver output 
lines and the impedance is low enough 


to drive a large screen. 


As the HD61203 is produced in a CMOS (FP-100) 
process, it is fit for use in portable 

battery drive equipments utilizing the MJ PIN ARRANGEMENT 
liquid crystal display's low power 
consumption. The user can easily 
construct a dot matrix liquid crystal 
graphic display system by combining 
the HD61203 and the column (segment) 
driver HD61202. 


WN FEATURES 


@ Dot matrix liquid crystal graphic 
display common driver with low 


impedance. 


Low impedance -—- 1.5kQ max. 





Internal liquid crystal display 


driver circuit -- 64 circuits (Top View) 


@ Internal dynamic display timing 


generator circuit 


@ Display duty 
When used with the column driver HD61202 
1/48, 1/64, 1/96, 1/128 
When used with the column driver HD61200 
Selectable out of 1/32 to 1/128 
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362 





@ Low power dissipation 


- during display 5mW 
Power supplies : Vcc 5V + 102 
Power supply voltage for liquid crystal display drive ......... 8V% 17V 


CMOS process 


100-pin flat plastic package (FP-100) 


aa Absolute Maximum Ratings 


= 
[ron sis iene @ | te [oone fv fa 
 eahenat.t i loemes 1s ae 















2 
5 
22.3 
[tenes vse @ | tr [rd =e 
a 


Note 1) If LSI's are used beyond absolute maximum ratings, they may be 
permanently destroyed. We strongly recommend you to use the 
LSI within electrical characteristic limits for normal opera- 
tion, because use beyond these conditions will cause malfunc- 


tion and poor reliability. 
Note 2) Based on GND=0V 


Note 3) Applies to input terminals (except VIL, VIR, V2L, V2R, V5L, V5R, 
V6L and V6R) and I/O terminals at high impedance. 


Note 4) Applies to VIL, V1R, V2L, V2R, V5L, V5R, V6L and V6R. 


Note 5) Apply the same value of voltages to VIL and V1R, V2L and V2R, 
V5L and V5p, V6L and V6R, Ver (23 pin) and Veg (58 pin) 
respectively. 

Maintain Voo2VIL=V1R2V6L=V6R2V5L=V5R2V2L=V2R2VEE 
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MM ELECTRICAL CHARACTERISTICS 


@® DC Characteristics (Vcc=5V + 10%, GND=0V, VCC-VEE=8.0%17 .0V 
Ta= -20 v +75°C) 


Vcc-VEE=17V 

Ron Load current 1.5 k2Q | 13 
+150UA 

f 


SECTION 







1 

















Vi-X} ON resistance 





In master mode 
50 kHz | 5 













External clock 









In master mode 










Dissipation Current 1/128 duty 
(1) Cf=20pF 
R£=47k2 


Dissipation Current I In slave mode 
(2) G62 | 1/128 duty 
bse , In master mode 


Note 1) Applies to input terminals FS, DS1, DS2, CR, SHL, M/S and FCS and 
I/O terminals DL, M, DR and CL2 in the input status. 


Note 2) Applies to output terminals, $1, $2 and FRM and I/O common 
terminals DL, M, DR and CL2 in the output status. 


Note 3) Applies to input terminals FS, DS1, DS2, CR, STB, SHL, M/S, FCS, 
CL1 and TH, I/O terminals DL, M, DR and CL2 in the input status 


and NC terminals. 


Note 4) Applies to VIL, VIR, V2L, V2R, V5L, V5R, V6L and V6R. 


Don't connect any lines to Xl to X64. 
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Note 5) External clock is as follows. 


TH TL 





External clock 0./Vcc 
waveform \0-9Vec 


trcp tfcp 


External 


elec Open Open 


CR R C 





Note 6) Applies to the shift register in the slave mode. For details, 


refer to AC Characteristics. 


Note 7) Connect oscillation resistor (Rf) and oscillation capacitance 
(Cf) as shown in this figure. Oscillation frequency (fogc) is 
twice as much as the frequency (f$) at $1 or $2. 





Cf=20pF 
R£=47kQ fosc=2 x fo 


Note 8) No lines are connected to output terminals and current flowing 
through the input circuit is excluded. This value is specified 


Note 9) This value is specified about current flowing through GND in 
the following conditions: Internal oscillation circuit is used. 
Each terminal of DS1, DS2, FS, SHL, M/S, STB and FCS is 
connected to Vcc and each of CL1 and TH to GND. Oscillator is 


set as described in Note 7. 


Note 10) This value is specified about current flowing through GND under 
the following conditions: Each terminals of DS1, DS2, FS, SHL, 
STB, FCS and CR is connected to Voc» CL1, TH and M/S to GND and 
the terminals CL2, M and DL are respectively connected to 
terminals CL2, M and DL of the HD61203 under the condition 


described in Note 9. 
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Note 11) This value is specified about current flowing through VeR under 


the condition described in Note 9. Don't connect any lines to 


terminal V. i) = On 810) \\) 
Note 12) This figure shows a typical relation among oscillation frequency, 

Rf and Cf. Oscillation frequency may vary with the mounting 

condition. 








50 100 
R¢ (kQ) 


Note 13) Resistance between terminal X and terminal V (one of VIL, VIR, 
V2L, V2R, V5L, V5R, V6L and V6R) when load current flows through 
one of the terminals Xl to X64. This value is specified under 


the following condition. 


VCC - VEE = 17V 
VIL=V1R, V6L=V6R = VCC-1/7 (VCC-VEE) 
V2L=V2R, V5L=V5R = VEE+1/7 (VCC-VEE) 


RON 
VIL VE SS 0 


V6L,V6R —————_——o 


Terminal xX 


WSL VOR Se 
(X1 to X64) 


V2L,V2R 


Here is a description of the range of power supply voltage for liquid 
crystal display drive. Apply positive voltage to V1IL=V1R and V6L=V6R 
and negative voltage to V2L=V2R and V5L=V5R within the AV range. 

This range allows stable impedance on driver output (RON). Notice that 


AV depends on power supply voltage VCC-VEE. 


© HITACHI | 
Hitachi America Ltd. ¢ Hitachi Plaza « 2000 Sierra Point Pkwy. e Brisbane, CA 94005-1819 © (415) 589-8300 365 





HD61203 


366 






—VcC 
1(V1L=V1R) 


---~- V6 (V6L=V6R) 


AV 


ig eee V5 (VSL=V5R) 


stan Sie eae V2(V2LEV2R) 
VEE 


Correlation between Driver 
Output Waveform and Power 

Supply Voltages for Liquid 
Crystal Display Drive 







The Range of Power Supply 
Voltage for Liquid Crystal 
Display Drive 






2 ee eee coe ee ces es ae 


8 17 
VCC - VEE (V) 


Correlation between Power 


Supply Voltage VCC-VEE and AV 
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My Terminal Configuration 


@ Input Terminal 





y Applicable terminals : SECTION 
cc 
CR, M/S, SHL, FCS, DS1, DS2, FS 1 
PMOS 
NMOS 
@ 1/O Terminal Applicable terminal : DL, DR, CL2, M 


V 


a (Input Circuit) 


Data 


Output Circuit 
(tristate) 





@ Output Terminal 


Vee Applicable terminal : $1, $2, FRM 


PMOS 


NMOS 


@ Output Terminal 


Applicable terminals: 


V1IL,VIR Xl to X64 


V6L,V6R 


V5L,V5R 


V2L,V2R 
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@ AC Characteristics (V¢c=5V+10% GND=0V, Ta=-20%+75°C) 


(1) In the slave mode (M/S=GND) 


(FCS=GND) 
(Shift clock) %-3Vcc CWLCL2L tWLCL 9H 
tf 
tr 
CL2 0.7Vcc t 
(FCS=Vcc) WHCL2H : 
(Shift clock) 0.3Vcc WHCLoL 
tpy 
DL(SHL=Vcc) N 0.7Vec 


DR(SHL=GND) 
Input data 0.3Vcc 


DR(SHL=Vcc) i 0. 7Vec 
DL (SHL=GND) x 
Output data 0.3Vcc 


Symbol 
CL2 "Low" level width (FCS=GND) | ty¢7,91, paso | = | 


CL2 "High" level width (FCS=GND) | twocL2H 
CL2 "Low" level width (FCS=Vcc) | twyacqor. 


| Data delay time =| typ 
tr 
tf 











10 

10 
Output data hold time 
[cz vise tie SSSC*dCte 


Note 1) The following load circuit is connected for specification. 






Output 
Terminal? SS 


30pF (Includes jig capacitance) 
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(2) In the master mode 


(M/S=Vec; FCS=Vcc; Cf=20pF, R£=47K2) 
SECTION 


1 





CL2 0.7Vec CWCL2L twCLL2H 








tpy 


DL (SHL=Vcc) 
DR(SHL=GND) 





DR(SHL=Vcc) 0.7Vcec 


DL (SHL=GND) 0. 3Vcc 
"DFRM , *DFRM 
FRM 0.7Vcc 
0.3Vcc 
tp 
0.7Vcc 
M 
0.3Vcc 
tf tr CWolH 
i Z 0.7Vcc 
ol \ 7 0.5Vcc 
| 0.3Vcc 
fugit tp12 tp21 


J 0.7Vcc 
$2 0.5Vcc 
0.3Vcc 
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Data hold time toy 
typ 
t 








et 
[to aa 

Powe sie timo 3 
Terao eam | 
Peaster eee 
CL2 "Low" level width se ite 
CL "High" level width Stycun | 38 | 7 

~ 61 "Low" level width 700 [ee 
= 

San 

cme 

Ex 

a 

i 

aoe 


62 "Low" level width 







61 "High" level width 


62 "High" level width 





r 
tf 
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LZe 


V2L V6L 


V2R V6R 
ViLlysz} Xl X2 --- 64 Output = _____ X62 X63 X64 VIRIVSR 
terminals 


: ie nn Be 
GND 
VEE Liquid crystal display 

driver circuits 


CL1 
TH 


DL Bidirectional shift register DR 
aaa ee ee eee 
aa 
a FCS 














7 
Cees DEE 
ia Sener 
FRM 
Zc ae 
Ri CR C 
M/S FS DSi DS2 $1 $2 
Rf Cf 


” 
m 
2) 
= 
2) 
Zz 





weubeLq 401g mm 


COcCL9CH 
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Si Block Functions 


@ Oscillator 


The oscillator is a CR oscillator that generates display timing signals 
and operating clocks for the HD61202. It is required when the HD61203 is 
used with the HD61202. It attaches an oscillation resistor Rf and an 
oscillation capacity Cf as shown in the following figure and terminal STB 
is connected to "high" level. When using an external clock, input the 


clock into terminal CR and don't connect any lines to terminal R and C. 


R CR Cc R CR C 


Open gxternal Open 
R£ Cf clock 


Oscillator is not required when the HD61203 is used with the HD61830. 
Then, connect terminal CR to "high" level and don't connect any lines to 


terminals R and C. ) 


R CR Cc 
Open Vec Open 


Timing Generator Circuit 


The timing generator circuit generates display timing and operating clock 
for the HD61202. This circuit is required when the HD61203 is used with 
the HD61202. Then connect terminal M/S to "high" level. (master mode). 
It is not necessary when display timing signal is supplied from other 
circuits, for example, from HD61830. In this case connect the terminals 


FS, DS1 and DS2 to "high" level and M/S to "low" level. (Slave mode) 


Bidirectional Shift Register 


This is a 64-bit bidirectional shift register. The data is shifted from 
DL to DR when SHL is at high level and from DR to DL when SHL is at low 

level. In this case, CL2 is used as shift clock. The lowest order bit 

of the bidirectional shift register, which is on the side of DL, cor- | 
responds to Xl and the highest order bit on the side of DR corresponds 


to X64. 
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@ Liquid Crystal Display Driver Circuit 


The combination of the data from the shift register with M signal allows 
one of the four liquid crystal display driver levels Vl, V2, V5 and V6 to SECTION 
be transferred to the output terminals. | 1 


Data from the 


a Sr ae See ee ee 
a a Fe ee ees oe 
a Ee TO: HE 
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cs HD61203 Terminal Functions 


Terminal} Number of Connected : 
is 1/0 Function 
name terminals to 


VCC 1 Power Vcc-GND: Power supply for internal 
GND 1 supply 
VEE 2 


VIL,V2L, Power 
V5L,V6L supply 
VIR,V2R 

V5R,V6R 


M/S 1 I| Vcc or 
| GND 
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logic. 
Vec-VEE: Power supply for driver 


circuit logic. 


Liquid crystal display driver level 
power supply. 
VIL(V1R), V2L(V2R): Selected level 
V5L(V5R), V6L(V6R): Non-selected 
| level 
voltages of the level power supplies 
connected to VIL and V1R should be the 


same. 





(This applies to the combination of 
V2L & V2R, V5L & VSR and V6L & V6R 


respectively) 








Selects Master/Slave 


M/S=Vcc: In master mode 


When the 4D61203 is used with the 
HD61202, timing generation circuit 
operates to supply display timing 
signals and operation clock to the 
HD61202. Each of I/0 common terminals 
DL, DR, CL2 and M is in the output 
state. 


M/S=GND: In slave mode 







The timing operation circuit stops 
operating. The HD61203 is used in 
this mode when combined with the 

HD61830. 
HD61202, this mode is used when 


Even if combined with the 













display timing signals (M, data, CL2 
etc.) are supplied by another HD61203 






in the master mode. 
Terminals M and CL2 are in the input 


state. 


(to be continued) 
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Terminal | Number of Connected ; 
i I/O Function 
name terminals to 


M/S 1 I | Vee or When SHL is Voc? DL is in the input 
GND hae <n 
state and DR is in the output state. 
When SHL is GND, DL is in the output 
state and DR is in the input state. 
connects to CL2 in the com- 


FCS 1 I |Vcc or 
GND 
bination with the HD61830. 
FS 1 I Vcc or Selects frequency 
GND 
When the frame frequency is 70Hz, the 
oscillation frequency should be: 
fosc=430kHz at FCS=Vcc 
fosc=215kHz at FCS=GND 
This terminal is active only in the 
master mode. Connect it to Vcc in 
the slave mode. 
DS1 ,DS2 2 I | Vee oF Selects display duty factor 
GND 
Display Duty | 1/48 | 1/64 | 1/96 | 1/128 
This terminals are valid only in the i 
master mode. Connect them to Vcc in 
the slave mode. 


t i d 
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SECTION 

















1 





Selects shift clock phase 

FCS=Vcc Shift register operates at 
the rising edge of CL2. 
Select this condition when 
HD61203 is used with HD61202 
or when MA of the HD61830 
connects to CL2 in the com 


bination with the HD61830. 


FCS=GND Shift register operates at 
the fall of CL2. Select this 
condition when CL1 of HD61830 


















HD61203 


Terminal |Number of agra 
Function 
name terminals 


Vcc or Input terminal for testing 
| — GND 

| cL1 Connect STB to Vcc. 

| . Connect TH and CL1 to GND. 


CR,R,C Oscillator. 
In the master mode, use these terminals 
as shown below. 
Usage of these terminal in the master 
mode 
Internal oscillation External clock 
RE External 
Cf Open clock Open 
R CR C | R CR C | 
In the slave mode, stop the oscillator 
as shown below. 
Open Vec Open 
R CR C 
HD61202 Operating clock output terminals for 
the HD61202. 
: 
(to be continued) 
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Master mode: Connect these termi- 
nals to terminals $1 
and $2 of the HD61202 


respectively. 





Slave mode : Don't connect any 





lines to these 







terminals. 


Frame signal 
\ 


\ 


Master mode: Connect this terminal 








to terminals FRM of 
the HD61202. 






Slave mode : Don't connect any 






lines to this 





terminal. 





HD61203 





Terminal | Number of Connected ; . 
: 1/0 Function 
name terminals to 


1 I/O | MB of Signal to convert LCD driver signal SECTION 

EpoLeee into AC. 
or 
ne Master de: Output terminal 1 
HD61202 aster mode: utpu erminal. 

Connect this terminal 

to terminal M of the 

HD61202. 

Slave mode : Input terminal. 

Connect this terminal 

to terminal MB of the 

HD61830. 


























































CL2 1 I/O | CL1 or MA {Shift clock 
of HD61830 
or CL of Master mode: Output terminal 
Bowes Connect this terminal 
to terminal CL of 
the HD61202. 
Slave mode : Input terminal 
Connect this terminal 
to terminal CL1 or MA 
of the HD61830. 
DL, DR 2 1/0 | Open or Data I/O terminals of bidirectional 
FLM of . é 
HD61830 shift register. 
DL corresponds to X1"s side and DR to 
X64's side. 
Master mode: Output common scann- 
ing signal. 
Don't connect any 
lines to these 
terminals normally. 
Slave mode : Connect terminal FLM 
of the HD61830 to DL 
(when SHL=Vcc) or DR 
(when SHL=GND) 
sat Yoo | ot 
DR output | output | Output] Input _| 
(to be continued) 
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HD61203 
nme | terminals ae 
; Function 
name terminals to 


Not used. 
Don't connect any lines to this 
terminal. 


a0 














Vcc or 
GND 








Selects shift direction of bidirec- 







tional shift register. 


SHL | Shift direction 
ing direction 
Vcc DL —~» DR Xl — > X64 


Liquid crystal display driver output. 






ae 


| 






5 
1 
4 







Liquid 
crystal 
display 








Output one of the four liquid crystal 





display driver levels Vl, V2, V5 and 





V6 with the combination of the data 





from the shift register and M signal. 






Data 









Output v2 | v6 | v1 | v5 
level 








Data "1" — Selected level 


"Oo" — Ncn-selected level 





When SHL is Vec> Xl corresponds to 





COM1 and X64 corresponds to COM64. 






When SHL is GND, X64 corresponds to 
COM1 and Xl corresponds to COM64. | 
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IHOVLIH © 


0068-685 (Sir) © 6ISL-SOOPE VO ‘aURGSUg © Amd Ig BAIS QOOZ © BZ2ld IYORNH © “pl eoveWy 1yoRNH 


6ZE 


HD61203 Connection List H...Vcc Fixed "—" means "open". Rf...Oscillation resistor 


L...GND Cf...Oscillation capacity 


[_fws| fears ossoseemsfen| xe | ox | ee | mee [om [cue [om] oe] en xe 


eae FLM 
from MB | from CLl COM1 ‘%~COM64 
rere 
AILIL{IL{IL{H({H = = 
HD61830 | HD61830 L ee Saas 
ee 
DR 


COM1 ‘COM64 

















of 
HD61203 






















to M to CL 






HD61202 | HD61202 


Rf|R to ol to $2 to FRM 
of of of 
CE Cf | HD61202 | HD61202 | HD61202 


Rf£| Rf to $2 

of 
Cf | HD61202 | HD61202 | HD61202 
iti 
























HD61203 | HD61203 


to DL/DR 
of 
L HD61203 COM64 COM1 
No.2 
if 4 pie Wane: 











from CL2 
of 

HD61203 | HD61203 

No.1 







NOILOAS 


NOILWIIIdd¥ 40 J1dWvxXd A 


€0clL9dCH 





HD61203 


Fh Outline of HD61203 System Configuration 


1) Use with HD61830 


a) When display duty ratio of LCD 


HD61830 





HD61830 





HD61830 





b) When display duty ratio of LCD 
HD61830 









COM1 


U 
COM128 
COM1 


COM128 





pper 






Lower 








is 1/64 


One HD61203 drives 
common signals. 


One HD61203 drives 
common signats for 
upper and lower 
panels. 


Two HD61203's drive 
upper and lower 
panel separately 

to ensure the 
quality of display. 
No.1 and No.2 
operate in parallel. 


is from 1/65 to 1/128 


Two HD61203's 
connected serially 


drive common signals. 


Two HD61203 's 
connected serially 
drive upper and 
lower panels in 
parallel. 


Two sets of 

HD61203 's connected 
serially drive upper 
and lower panels in 
parallel to ensure 
the quality of 
display. 
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Refer to 


Connection list '‘'A' 


Refer to 


Connection list 'A' 


For both of No.1 
and No.2, refer to 
Connection list 'A' 


Refer to 
list 'B' 
Refer to 
list 'C' 


Refer to 
list 'B' 
Refer to 
Lise: *C' 


Refer to 
list ‘B' 
and 3. 
Refer to 
laste: 76" 
and 4. 


Connection 
for No.l. 
Connection 
for No.2. 


Connection 
for No.l. 
Connection 
for No.2. 


Connection 
for No.l 


Connection 
for No.2 


2) 


Use with HD61202 (1/64 duty) 





One HD61203 drives 
common signals and 
supplies timing 
signals to the 
HD61202's. 


One HD61203 drives 
upper and lower 
panels and supplies 
timing signals to 
the HD61202's. 


Two HD61203 's drive 
upper and lower 
panels in parallel 
to ensure the 
quality of display. 
No.1 supplies 

timing signals to 
No.2 and the 
HD61202's. 
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HD61203 


Refer to 
Connection list 


Refer to 
Connection list 


Refer to 
Connection list 
for No.1 


Refer to 
Connection list 
for No.2 


'r! 
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SECTION 


1 











HD61203 


@ Example of Connection 1) 


(1) Use with HD61202 (RAM type segment driver) 


a) 1/64 duty ratio (See Connection List "D") 











LCD panel 





() is at SHL='L' 


HD61203 


Note 1) The values of Rl and R2 vary with the LCD panel used. 
When bias factor is 1/9, the values of Rl and R2 should 


satisfy 


poe ey a MN. 
4R1+ R2 9 


For example, 


R1=3k2, R2=15k 
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Example of Waveform (RAM type, 1/64 duty) 
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V6 
Note) Phase difference between DL(DR) and CL2 
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SECTION 


1 








HD61203 


Example of Connection 2) 
| - (2) Use with HD61830 (Display controller) 


a) 1/64 duty ratio (See Connection List "A") 









Open 
Vec 
Open LCD panel 
Vec . 
~ 4 
oc} Vi a 
g i 
2 | V6 “a 
oe + 
Y co 
: cans 
S| ys ou Danan! H61.830 
wo | V2 on (Display Controller) 
me = Open 
a S | 
a R Vec 
) 
3 | _ 
END oe 
if x 
ie 
Open : 
Open a 
Open 
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HD61203 
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SECTION 


1 








er ereranaal 


HD61203 


b). 1/100 duty ratio (See Connection List 'B' 'C') 


Vcc . 
Open * Open Vcc 
Vec 
°o 
a] Vi 
5 | v6 : 
= 7 
3) =) 
: 4 
8| ¥ E 
44 .e 
oo 
° | v2 
a ce 
om 
a = _ (x64) 
a) 
| VEE ( 
WY 
GND 





LCD 


Panel 





$4 
<0) 
re 
el 
Pe) 
5 
=f 
co oO 
aria 
Ne] 
_ 
A © 
re 
AQ, 
wo 
ord 
a 





Vec 
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1/100 duty 


b) 


Example of Waveform 
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HD61104,HD61104A —___— 
(Dot Matrix Liquid Crystal Graphic 


Display Column Driver) 


DESCRIPTION 
HD61104, HD61104A is a column (segment) 


driver for large-area dot matrix liquid 


crystal graphic display systems. 


388 


FEATURES 

Display duty 1/64 ~ 1/200 
Internal liquid crystal 

display driver 80 drivers 


4—bit bus, bi-directional shift 
data transfer 
Cascade connection with enable format 
Data transfer rate 3.5 MHz 
Power supply for logic circuit 5V + 102 
Power supply for LCD drive circuits: 

10 to 26V (HD61104) 

10 to 28V (HD61104A) 
Stand-by function 
CMOS process 
100-pin flat plastic package 


ORDERING INFORMATION 


LCD driving 
Type No. Level (V) Package 


HD61104 +10 to +26 100 pin plastic 


QFP (FP-100) 


HD61104A +10 to +28V 
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(FP-100) 


Pin Arrangement 
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HD61104, HD61104A 


Mi BLOCK DIAGRAM 


Vi V2 V3Vy YiY2 Yeo 






SECTION 


1 





CL1 Voc 
GND 
2 " 
i ' Latch circuit 1 
Do 121314] 5164798 eR eee 7 717 817 480 
Dy 
os |: cna 
Ds 
SHL 
CL2 
Leos 
E 
Control circuit CAR 


Supply voltage (1) VCC -0.3 to +7.0 
HD61104 Vcc - 28.0 to Vcc + 0.3 
Supply voltage (2) iméi104A Vcc - 28.5 to Vcc + 0.3 


nee 
sane 
aa Ee 
2 a 
i 









VEE ~- 0.3 to Vcc + 0.3 






-20 to +75 


(Note 1) LSI's may be permanently destroyed if being used beyond the 





absolute maximum ratings. In ordinary operation, it is 
desirable to use them within the limits of electrical charac- 
teristics, because using beyond these conditions may cause 


malfunction and poor reliability. 
(Note 2) All voltage values are referred to GND = OV. 
(Note 3) Applies to input terminals, SHL, CL1, CL2, DO - D3, E and M. 


(Note 4) Applies to Vl, V2, V3 and V4. Must maintain 
Voc 2 V1 2 V3 2 V4 2 V2 2 VEE 
Connect a protection resistor of 152 + 10% to each terminals 


in series. 
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HD61104, HD61104A 


M@® ELECTRICAL CHARACTERISTICS 


@ DC CHARACTERISTICS 
(Vcc = 5V+10%, GND=OV, Vcc -VEE=10 to 26V (HD61104), Vcc -VEE=10 to 
28 (HD61104A), Ta=-20 to +75°C) 


rea [rr rep 
aoe i aes ms ek oc po 
Foe“ wisen | Wr [etek 










Input "High" voltage 















VEE=-L1OV, 






- Driver ON Resistance Load current= 


100uA 


Input Leakage Current Ith. ViIn=0 to Vcc — 
aes 
_ 





Input Leakage Current | Iz? Vin=VEE to VCC 
Dissipation Current (2) — TERIA 


(Note 1) Applies to CL1, CL2, SHL, E, M, and DO - D3. 








(Note 2) Applies to CAR. 
(Note 3) Applies to V1, V2, V3 and V4. 


(Note 4) Specified when display data is transferred under following conditions. 


2.5 MHz (data transfer rate) 


CL2 frequency fcep2 
14.0 kHz (data latch frequency) 


CL1 frequency fcpl 
M frequency fy = 35 Hz (frame frequency / 2) 
Display duty ratio 1/200 

Specified when ViqH = Vcc, VIL = GND and no load on outputs. 
Ienp: currents between Vcc and GND 
IEE : currents between Vcc and VERE 


(Note 5) Currents between Vcc and GND at stand-by (E input = "H") J 


(Note 6) Resistance between terminal Y (one of Y1 to Y80) and terminal V 
(one of V1, V2, V3, and V4) when load current flows through one of 
the terminals Yl to Y80. This value is specified under the follow- 
ing condition. 
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HD61104, HD61104A 


Vcc — VEE = 26V 
V1, V3 = Vcc - 2/10 (Vcc - VEE) 
V2, V4 = Veg + 2/10 (Voc - Vgp) S] = On NTO) 


we 1 


Terminal Y 
Mise Vis Cast (Yl ~Y80) 


Vit» Vir = eee 





Weis Vor dees 


VoL» Var 


Here is a description of the range of power supply voltage for liquid crystal 
display drive. Apply positive voltage to Vl, and V3, and negative voltage 
to V2 and V4, within the AV range respectively. This range allows stable 
impedance on driver output (Ron). Notice that AV depends on power supply 


voltage Vcc - VEE. 





AS 

S 

5. 
> 
a 
10 26 
VCC - VEE (V) 
Correlation between Driver Correlation between Power 
Output Waveform and Power Supply Voltage Vcc-Vgp and AV 
Supply Voltages for Liquid 
Crystal Display Drive 
@ HITACHI 
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HD61104, HD61104A 


Mi Terminal Configuration 


@ Input Terminal 


Applicable Terminals: CL1, SHL, E, M 


Vcc 


PMOS 


NMOS 


@® Input Terminal (controlled by Enable signal) 


Applicable Terminals: CL2, DO» D3 


Vec Vec 


CL2 
DoD 3 


tl 


Enable 





® Output Terminal 
Applicable Terminal: CAR 


Vcc 


PMOS 


NMOS 


@® Output Terminal 
Applicable Terminals: Yl %~ Y80 





VEE 
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HD61104, HD61104A 





@ AC CHARACTERISTICS 
(Vcc = 5V + 10%, GND = OV, Ta = -20 to +75°C) 


Test 
Symes Condi 


SECTION 


1 





tC 


Note 1) The following load circuits are connected for specification: 


test point al 
: 7h 
CcwH 


ct 
CCL 





30pF 


rot 


tscu tHCL : Coye 
1H 
= "psu uaa! 
Cot ile tet ose “DH 
ar CD i: 
YIL tori 
cu. VIE Vin 
VIH _ 





trsu 
VIH 
M b ViL 


tcM 
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HD61104, HD61104A 


Terminal | Number of Te 
Functions 
name Terminals 


Vcc Power Vcc -~ GND: Power supply for internal 











logic’ 
Power supply for LCD drive 


circuit 


Power supply for liquid crystal drive 














Vi, V2 --- selection level 


V3, V4 --- non-selection level 


Y1vY80 





Liquid crystal driver outputs 
Selects one of the 4 levels, V1, V2, V3, 
and V4. Relation among output level, M, 


and display data (D) is as follows. 


Output 
Laval wilvs|v2lya| 


Switch signal to convert liquid crystal 











Controller 

















drive waveform into AC. 


Controller 





Latch clock of display data (fall edge 
trigger) 

Synchronizing with the fall of CLI, 
liquid crystal driver signals 
corresponding to the display data are 


output. 





eoartolier 





Shift clock of display data (D) 
Fall edge trigger 


-to be continued 
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HD61104, HD61104A 













Functions 


SECTION 





Terminal | Number of Connected 
: I/O 
name Terminals to 
Input of 4-bit display data (D) 


DOVD3 4 I | Controller 
(D) Liquid Crystal|Liquid crysta 
driver output |display 
1 Selection 
("H" level) | level 
0 Non-selection 
CL" level) level 
Truth table Positive logic 
SHL Input data and latch circuit 1 
D3—~1—-5 — 9 --- —-~*73+77 
D2-— 2-—» 6 10 —-- —»74->78 
Dl1~> 3—7 +11 --- —75—/79 
DO-~4 —~8 —-»12 --- —»76-—~80 
D3—» 80 ~ 76 © 72--- —~8 —~4 
1 D2" 79-975 HO] 1 eH ey 8 
D1 —~78 —»>74 -~©70 --- —6 —»2 
SHL 1 I 


J 









DOSE 7.7 HO 75 HP 68a Heo er 


ex.) When SHL="0", the data which is 





input to D3 is latched to each 






bit of the latch circuit 1 in 






order of 1—*5 -»9 —--- -—»7/7. 





Selects a shift direction of display 





data. 
















GND or the} Enable input 
terminal ° * Wyytt 
CAR of the The operation stops with "H" level, 











uM 
. | i 


HD61104 and enables at "L" level. 









Enable output 







the input 
terminal E 
of the 
HD61104 


Used for cascade connection. 
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HD61104, HD61104A 





MBTYPICAL APPLICATION 


The following is the LCD panel with 200 x 640 dots on which characters are 
displayed with 1/200 duty dynamic drive. 


COM1 - > 

ae 2 
COM2 1 |2 

Se Sa 
COM3 ale 


199,]199, 
COM199—ey O71 


COM200 200,) 200, 
Life 2 


Yl = Y2 ¥80 


n | A 
ee 
a 


CL1 0 


DATA 0 $$$ $44. = — - - =- 


HD61104 (No. 8) 


rN eM mn eM 
wna § 3 1 FE soe ae 5 





i i a 
OPEN 


Cascade eight HD61104's. Input data to the terminal DOVD3 of No.1°No.8. 
Connect E of No.1 to GND. No lines to be connected to CAR of No.8 Connect 
common signal terminals (COM1VCOM200) to the common driver HD61105. (m,n) 


of LCD panel is the address corresponding to each dot. 
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HD6610G6F 
(LCD Driver for High Voltage) 


Description Pin Arrangement 


The HD66106F LCD driver has a high duty ratio 
and many outputs for driving a large capacity dot 
matrix LCD panel. 

It includes 80 LCD drive circuits and can drive up to 
1/480 duty. For example, only 14 drivers are enough 
to drive an LCD panel of 640 x 480 dots. It also 
easily interfaces with various LCD controllers 
because of its internal automatic chip enable signal 
generator. 

Using this LSI sharply lowers the cost of an LCD 
system. 


Features 


¢ Column and row driver 
* 80 LCD drive circuits 
* Multiplexing duty ratio: 1/100 to 1/480 
- 4-bit parallel data transfer 
¢ Internal automatic chip enable signal generator 
© Internal standby function 
* Recommended LCD controller LSI’s: 
HD63645 and HD64645 (LCTC) 
+ Power supply: +5 V + 10% for the internal logic, 
and 14.0 V to 37.0 V for LCD drive circuits 
- Operation frequency: 6.0 MHz (max.) 
¢ CMOS process. 
- 100-pin flat plastic package (FP-100) 





(Top view) | 
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HD66106F 


Pin Description 


Power supply Control signals | oJ sou mle) 


Voec, GND: Vcc supplies power to the internal CL1: The LSI latches data at the negative edge of 
logic circuit. GND is the logic and drive ground. CL1 when the LSI is used as a column driver. Fix 
to GND when the LSI is used as a row driver. 


Vicp: Vicp supplies power to the LCD drive cir- 





cuit. CL2: The LSI latches display data at the negative 

edge of CL2 when the LSI is used as a column 
Vi, Ve, Vz, and Vi: Vi-Vi supply power for driving driver, and shifts line select data at the negative 
LCD (figure 1). edge when it is used as a row driver. 


M: M changes LCD drive outputs to AC. 


D -D3: Do-D3 input display data for the column 





driver (table 2). 
Table 1. Pin Function 

Symbol Pin No. Pin Name 1/O 
Vec 49 Vec | 
GND 37 Ground | 
Vico 31, 36 Vicp | 
V; 32 LCD voltage 1 | 
V, 33 V, LCD voltage 2 | 
V3 34 V, LCD voltage 3 1 
V, 35 V, LCD voltage 4 1 
CL1 38 Clock 1 od 
CL2 40 Clock 2 I 
M 42 M I 
D,-D, 46-43 Data 0 to data 3 | 
SHL 39 Shift left I 
E 47 Enable | 
CAR 48 Carry O 
CH1 41 Channel 1 l 
Y.-Yso 30-1, 100-51 Drive outputs 1-80 O 
NC 50 No connection _ 





Table 2. Relation between Display Data and 


LCD State 
Display Data LCD Outputs LCD 
1 (= high level) Selected level On 
0 (= low level) Nonselected level Off 


V,, V,: Selected level 
V;, V,: Nonselected level 





_ Figure 1. Power Supply for Driving LCD 
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SHL: SHL controls the shift direction of display 
data and line select data (figure 2, table 3). 


_E: E inputs the enable signal when the LSI is used 
as a column driver (CH1 = Vcc). The LSI is dis- 
abled when E is high and enabled when low. E in- 
puts scan data when the LSI is used as a row driver 
(CH1 = GND). When HD66106Fs are connected in 
cascade, E connects with CAR of the preceding LSI. 


CAR: CAR outputs the enable signal when the 


LSI is used as a column driver (CH1 = Vcc). CAR 
outputs scan data when the LSI is used as a row 
driver (CH1 = GND). When HD66106Fs are con- 
nected in cascade, CAR connects with E of the next 
LSI. 


CH1: CHI selects the driver function. The chip 
drives columns when CH1 = Vcc, and rows when 
CH1 = GND. 


Y1-Ygo: Each Y outputs one of the four voltage 
levels—V,, V2, V3, or V4—according to the com- 
bination of M and display data (figure 3). 


NC: NC is not used. Do not connect any wire. 


Table 3. Relation between SHL and Scan Direction of Selected Line (When LSI is Used as a Row Driver) 


SHL Shift Direction of Shift Register Scan Direction of Selected Line 
Vec ee --1 >2 Se ee — 80 A Pe Pee ee ee 
GND E -80 +79 -+78.------------- +1 Vso Vag Vag cenceneeeeseeeenee o¥) 


oe me ant 


yn 
2nd data Ist data 


ss} 


When SHL = Vec 





When SHL = GND 


Figure 2. Relation between SHL and Data Output (When LSI is Used as a Column Driver) 


Y output level [pf ff 


When Used as a Column Driver 


Y output level [Ye af Ye fd 


When Used as a Row Driver 





Figure 3. Selection of LCD Drive Output Level 
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Internal Block Diagram 


LCD Drive Circuits 


The HD66106F begins latching data when E goes 
low, which enables the data latching operation. It 
latches 4 bits of data simultaneously at the fall of 
CL2 and stops automatically (= standby state) 
when it has latched 80 bits. 


Latch Circuit 2 


When the LSI is used as a column driver, latch 
circuit 2 functions as an 80-bit latch circuit. It 
latches the data sent from latch circuit 1 at the 
fall of CL1 and transfers its outputs to the LCD 
drive circuits. 

When the LSI is used as a row driver, this circuit 
functions as an 80-bit bidirectional shift register. 
The data sent from the E pin shifts at the fall of 
CL2. When SHL = Vcc, the data shifts from bit 1 
to bit 80 in order of entry. When SHL = GND, the 
data shifts from bit 80 to bit 1. 


¥iY2YsY« 


HD66106F 


Latch Circuit 1 


Latch circuit 1 is composed of twenty 4-bit parallel 
data latches. It latches the display data D)-D3; at 
the fall of CL2 when the LSI is used as a column 
driver. The signals sent from the selector deter- 
mine which 4-bit latch should latch the data. 


Selector 


The selector is composed of a 5-bit up and down 
counter and a decoder. When the LSI is used as a 
column driver, it generates the latch signal to be 
sent to latch circuit 1, incrementing the counter at 
the negative edge of CL2. 


Controller 


The controller operates when the LSI is used as a 
column driver. It stops data latching when twenty 
pulses of CL2 have been input (= power-down 
function) and automatically generates the chip 
enable signal announcing the start of data latching 
into the next LSI. 


Yn Y2s Yrs Yeo 


oa LCD drive circuits daae 
80-bit latch circuit and bidirectional orlaalz9 
shift ee | (Latch circuit 2) 


= 7 
[2 eee 
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HD66106F 


Functional Description 


When Used as a Column Driver 


The HD66106F begins latching data when E goes 
low, which enables the data latching operation. It 


latches 4 bits of data simultaneously at the fall of . 


CL2 and stops automatically (= sarepy state) 
when it has latched 80 bits. 


When SHL = GND 


Yeo 


When SHL = Voc 


Data outputs change at the fall of CL1. Latched 
data d, is transferred to the output pin Y, and 
dgo to Ygq when SHL = GND. Conversely, dgo is. 
transferred to Y, and d, to Ygo when SHL = Vcc. 
The output level is selected out of V;-V4 accord- 
ing to the combination of display data and the 
alternating signal M (figure 4). 





isure 4. C Driver Timing Chart 
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HD66106F 


When Used as a Row Driver 
when SHL = GND. 


The HD66106F shifts the line scan data sent from In both cases, the data delayed for 80 bits by the 
the pin E in order at the fall of CL2. When SHL = shift register is output from the CAR pin to be- ho} = ON ETO)" 
Vcc, data is shifted from Yi to Yso and Yso0 to Y1 come the line scan data for the next LSI. 





1 





When SHL = Vcc 


(Next LSI) 


When SHL = GND 





Figure 5. Row Driver Timing Chart 
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LCD Power Supply near GND (figure 6). Each voltage must be within 
; i AV. AV determines the range within which Ron, 
This section explains the range of power supply impedance of driver’s output, is stable. Note that 


voltage for driving LCD. V, and V3 voltages AV depends on power supply voltage Vicp-GND 
should be near Vicp, and V, and V4 should be (figure 7). 





Figure 6. Driver’s Output Waveform and Each Level of Voltage 


Range of power supply voltage 


14 
Vien —GND (V) 





Figure 7. Power Supply Voltage Vicp-GND and AV 
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Application Example 
Application Diagram 

Figure 8 shows an example of an LCD panel J sou mle) 
of 640 x 400 dots driven by HD66106Fs. 


I 


seg640 
seg639 





LCD panel 
640 x 400 dots 
1/400 duty ratio 





| 
| 








+ 37V | +5V 
Notes: 1. R, and R, depend on the LCD panel in use. When using an LCD panel with 1/20 bias, R, /(4R, + 
R,) should be 1/20. For example, R, -3 kQ and R, -48 kQ. 
2. Use bypass capacitors to stabilize power supply when designing a board. It is desirable to use two 
capacitors with some 0.1 uF per LSI, putting one between V; cp and GND, and the other be- 
tween Vcc and GND. 


Figure 8, Application Example 
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CAR(LSI 9) Latches LSI 9 data 
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Absolute Maximum Ratings 














Item Symbol Rating Unit Notes 
Supply Logic circuits Vcc —0.3 to +7.0 Vv 1 
Voltage LCD drive circuits Vico —0.3 to +38 Vv 1 
Input voltage (Logic) VTi —0.3 to Vcc + 0.3 V 1,2 
input voltage (LCD drive) Vo —0.3 to Vicp + 0.3 Vv 1,3 
Operation temperature T opr —20 to +75 °C 
Storage temperature Tstg —55 to +125 °C 





Notes: 1. Reference point is GND (= 0 V). 
2. Applies to the input pins for logic circuits. 
3. Applies to the input pins for LCD drive circuits. 
4. Using an LSI beyond its maximum rating may result in its permanent destruction. LSIs should usually be used 
under electrical characteristics for normal operations. Exceeding any of these limits may adversely affect reli- 
ability. 
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Electrical Characteristics 


DC Characteristics (Vcc = 5 V + 10 %, Vicp = 14 V to 37 V, Ta= —20°C to 75°C unless otherwise noted) oJ =fou me) 











Item Symbol Pin Min Typ Max Unit Test Condition Notes 
Input high voltage Vin CL1,CL2,M,SHL, O.8xVcc — Vcc Vv 1 
Input low voltage V, Do—D3, E, CH1 0 _ 0.2xVcc V 
Output high voltage VoH CAR Vec—0.4 — — Vv loH=—0.4 MA 
Output low voltage VoL — — 0.4 Vv lo =0.4 mA 
Vi-Yj on resistance Ron Yi-Ygso0,Vi-V4 — ~ 3.0 kQ  lon=100 vA 4 
Input leakage current(1) ty, 4 CL1,CL2,M,SHL, —5.0 _ 5.0 HA Vin=Vec to GND 
Do—D3, E, CH1 
Input leakage current(2) I), Vi-Va. —500 — 50.0 MA =Vin=Vicp to GND 
Current consumption(1) lec — _ 3.0 mA foL2=6 MHz, 
(2) tLep1 _ - 0.5 mA fo..4=28 kHz 1 
ist = = 0.2 mA Atthe standby state 2 
foi_g=6 MHz, 
foy4=28 kHz 
(4) loco ae — 0,2 mA fo.4=28 kHz, 1 
()lucp2t(t‘Cé;!UOU RH! OMA t= 85 Hz 3 





Notes: 1. Input and output current is excluded. When the input is at the intermediate level in CMOS, excessive current 
flows from the power supply through the input circuit. Vj,4 and Vj, must be fixed at Vcc and GND respectively 
to avoid it. 

2. Applies when the LSI is used as a column driver. 
3. Applies when the LSI is used as a row driver. 
4. Indicates the resistance between Y pin and V pin (one of V1, V2, V3, and V4) when it supplies load current to 
one of Y1—Ygo pins. 
Conditions: Vicp— GND=37 V 
V1, V3=Vicp—2/20 (ViEcp—GND) 
Vo, V4=GND+2/20 (Vicp—GND) 


Y pin (Y1—Ygo) 





“ee 
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AC Characteristics (Vcc = 5 V + 10 %, Vicp = 14 V to 37 V, Ta = —20°C to +75°C unless otherwise noted) 


Column Driver 


























Item Symbol _—— Pin Min Typ Max Unit Notes 
Clock cycle time teyc CL2 166 — — ns 

Clock high level width tCWH CL2 50 — — ns 

Clock low level width tcwL CL2 50 _ _ ns 

Clock setup time tscL CL2 200 — _ ns 

Clock hold time tHCL CL2 200 — _ ns 

Clock rise/fall time tet CLi, CL2 _ ~ 30 ns 

Data setup time . tpsu Do—D3 30 _ _ ns 

Data hold time tow Do—D3 30 _ — ns 

E setup time tesy E 50 _ _ ns 

Output delay time tpcaR CAR _ _ 80 ns 1 
M phase difference tcm | M,CL1 _ ~ 300 ns 

Row Driver 

Item Symbol Pin Min Typ Max Unit Notes 
Clock low level width tw CL2 5 es = MS 

Clock high level width | — twH4 CL2 125 ~ _ ns 

Data setup time tos E 100 — — ns 

Data hold time toH E 30 —~ = ns 

Data output delay time top CAR — —_ 3 Ms 1 
Data output hold time toHw CAR 30 _ _ ns 1 
Clock rise/fall time tet CL2 — - 30 ns 





Note: 1. Values when the following load circuit is connected: 


Test point = 


30 pF 
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Column Driver 


SECTION 


1 





Figure 11. Controller Interface of Column Driver 
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Row Driver 





Figure 12. Controller Interface of Row Driver 
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(LCD Driver for High Voltage) 


Description 


The HD66107T is a multi-output, high duty 
ratio LCD driver used for large capacity dot 
matrix LCD panels. It consists of 160 LCD 
drive circuits with a display duty ratio up to 
1/480: the seven HD66107Ts can drive a 640 x 
480 dots LCD panel. Moreover, the LCD driver 
enables interfaces with various LCD control- 
lers due to a built-in automatic generator of 
chip enable signals. Use of the HD66107T can 
help reduce the cost of an LCD-panel config- 
uration, since it reduces the number of LCD 
drivers, compared with use of the HD61104 
and HD61105. 





@ Internal standby mode 
@ Recommended LCD controller LSIs: 
HD63645, HD64645, and HD64646 
(LCTC), HD66840 (LVIC) 
@ Power supply voltage 

internal logic : +5 V + 10% 

LCD drive circuit : 14.0 to 37.0 V 
Operation frequency: 8.0 MHz (max.) 
CMOS Process 
192-pin TAB (Tape Automated Bonding) 
package 


Pin Description 


J oun le)\ ia 


1 








Features Power Supply 

@ Column and row driver Vec, GND: Vcc supplies power to the internal 
@® 160 LCD drive circuits logic circuits. GND is the logic and drive 
@® Multiplexing duty ratio :1/100 to 1/480 ground. 

9 4-bit and 8-bit parallel data transfer 

. Internal automatic chip enable signal Vicp,: Vicp supplies power to the LCD drive 

generatator circuit. 

Table 1. Pin Function 

Symbol Pin No. Pin name input/output 

Vec 167 Vec 

GND 161, 186, 187 Ground 

Vicp 166, 192 Vicp 

ViL, R 191, 165 VIL, R 
‘V2L, R 188, 162 V2L, R 

V3L, R 190, 164 V3L, R 

V4L, R 189, 163 V4L, R 

CL1 183 Clock 1 Input 

CL2 184 Clock 2 Input 

M 182 M Input 

Do-D7 174-181 DATAO-DATA7 Input 

SHL 172 Shift left Input 

CH2 171 Channel 2 Input 

BS 173 Bus Select Input 

TEST 185 TEST Input 

Y1-Y160 1-160 Y1-Y160 Output 

SHL 172 Shift left Input 

E 169 Enable Input 

CAR 168 Carry Onput 

CH1 170 Channel 1 Input 

@ HITACHI 413 


Hitachi America Ltd. « Hitachi Plaza ¢ 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 (415) 589-8300 





HD66107T 


Vit, Vir, Vat, Var, Vat, Var, Var, Var: Vi to Va 
supply power for driving an LCD (figure 1). 


_ Control Signal 


CL1: The LSI latches data at the negative 


edge of CL1 when the LSI is used as a column 
driver. Fix to GND when the LSI is used as a 
row driver. 


CL2: The LSI latches display data at the 
negative edge of CL2 when the LSI is used as 
a column driver, and shifts line select data at 
the negative edge when it is used as a row 
driver. | 


M: M changes LCD drive outputs to AC. 


Do-D7: Do-D7 input display data for the col- 
umn driver (table 2). 


SHL: SHL controls the shift direction of dis- 
play data and line select data (figure 2, table 
3). 


E: E inputs the enable signal when the LSI is 
used as a column driver (CH1=Vec). 

The LSI is disabled when E is high and ena- 
bled when low. E inputs scan data when the _ 
LSI is used as a row driver (CH1=GND). When 
HD66107Ts are connected in cascade, E con- 
nects with CAR of the preceding LSI. 





CAR: outputs the enable signal when the LSI . 


is used as a column driver (CH1= Vcc). 





Table 2. Relation between Display data 
and LCD state 


Display Data 
1 (=high level) 
O (=low level) 


LCD Output LCD 
V1L, R/V2L, R On 
Nonselected level Off 


V1,V2: selected level 
V3,V4: nonselected level 





Figure 1. Power Supply for Driving an LCD 
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Figure 2. Relation between SHL and Data Output 
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CAR outputs acan data when the LSI is used 
as a row driver (CHi=GND). When 
HD66107Ts. are connected in cascade, CAR 
connects with E of the next LSI. 





CH1: CH1 selects the driver function. The chip 
devices are columns when CH1=Vcc, and 
commons when CH1=GND. 


CH2: CH2 selects the number of output data 


bits. 
Table 3. 
Used as Common Driver) 
SHL Shift Direction of Shift Register 
Vec E— 1- 2-> 3- 4—-----+--- —] 60 
GND E> 160-> 79> 78> 77------- > 4 


HD66107T 


BS: BS selects the number of input data bits. 
When BS=Vec, the chip latches 8-bits data. 
When BS=GND, the chip latches 4-bits data 
via Do to D3. Fix Da through D7 to GND. 


TEST: Used for testing; fixed to GND, Other 
wise. 


LCD drive interface 
Y1-Y160: Each Y outputs one of the four volt- 


age levels-Vi1, V2, V3, V4-according to the 
combination of M and display data (figure 3). 


Relation between SHL and Scan Direction of Selected Line (When LSI is 


Scan Direction of Selected Line 
YI>  Y2> Y3> Y4-~----- >Y160 
Y160— Y79— Y77—- Y76------- —160 


we ieuelauel Y output 
OUrPY evel Stet yatta level ak; Bente hae k's beak '7 a 


When used as a common driver 


When used as a column driver 





Figure 3. Selection of LCD Driver Output Level 
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Block Diagram 
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Function 
LCD drive circuits 


The LCD drive circuits generate four levels of 
voltages-Vi, V2, V3, and V4-for driving an LCD. 
They select and transfer one of the four levels 
to the output circuit according to the combi- 
nation of M and the data in the latch circuit 2. 


Latch circuit 2 


This circuit is used as a 160-bit latch circuit 
during column driving. Latch circuit 2 latches 
data input from latch circuit 1 at the falling 
edge of CL1 and outputs latched data to the 
drive circuits. 


In the case of row driving latch circuit 2 is 
used as a 160-bit bidirectional shift register. 
Data input from E is shifted at the falling 
edge of CL2. When SHL=Vcc, data is shifted 
in input order from bit 1 to bit 160 of the shift 
register. When SHL=GND, data is shifted 
from bit 160 to bit 1 of the reister. Moreover, 
this latch circuit can be used as an 80-bit shift 
register. In this case, Y41 through Y120 are 
enabled, while the other bits remain un- 
changed. 


Latch circuit 1 
This circuit consists of twenty 8-bit parallel 


data latch circuits. It latches data Do through 
D7 at the falling edge of CL2 during column 


HD66107T 


driving. The selector signals specify which 8- 
bit circuit latches data. Moreover, this circuit 
can be used as forty 4-bit parallel data latch 
circuits by switching BS, in which case the 
circuit latches data Do through D3. Moreover, 
this latch circuit can be used as an 80-bit shift 
register. In this case Y41 through Y120 are 
enabled, while the other bits remain un- 
changed. 


Selector 


The selector consists of a 6-bit up and down 
counter and a decoder. During column driv- 
ing it generates a latch signal for latch circuit 
1, incrementing the counter at the falling 
edge of CL2. 


Controller 


This controller is enabled during column 
driving. It provides a power-down function 
which detects completion of data latch and 
stops LSI operations. 

Moreover, the controller automatically gen- 
erates a chip enable signal (CAR) which star- 
ts next-stage data latching. 





Test circuit 


This circuit divides the external clock and 
generates test signals. 
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1 








HD66107T 


Fundamental Operations 
Column driving (1) 


CH2 = GND (160-bit data output mode) 
BS = Vcc (8-bit data latch mode) 


The HD66107T starts data latch when E is at 
low level. In this case 8-bit parallel data is 
latched at the falling edge of CL2. When 160- 
bit data latch is completed, the HD66107T 
automatically stops and enters standby mode 
and CAR is goes to low level. If CAR is con- 








nected with E of the next-stage LSI, this next- 
stage LSI is activated when CAR of the pre- 
vious LSI goes low. 


Data is output at the falling edge of CL1. 
When SHL = GND, data dl is output to pin Y1 
and dl60 to Y160. On the other hand, when 
SHL = Vcc, data di60 is output to pin Y1 and 
di to Y160. The output level is selected from 
among V1- V4 according to the combination 
of display data and alternating signal M. 


ccimme: TI see 


SHL=GND 


Y; X dy 


| 


Y160 X dieo 


SHL=Veec 


| 


Y; X dieo 


ALAA TR 


Figure 4. Column Driver Timing Chart (1) 
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HD66107T 


Column driving (2) 4-bit display data (Do-D3) is latched at the 


falling edge of CL2. Other operations are 
performed in the same way as described in 


“Column driving (1)”. AS) = Om BO] 


CH2 = GND (160-bit data output mode) 
BS = GND (4-bit data latch mode) 


I 





SHL=GND 


Y; x dy 


Y160 K d160 


SHL=Vec 





Figure 5. Column Driver Timing Chart (2) 
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Column driving (3) . : Y1 through Y40 and Y121 through Y160 
remain unchanged. 

CH2 = Vcc (80-bit data output mode) | _ 

BS = Vcc (8-bit data latch mode) When SHL = GND, data di is output to pin 
| Y41 and d80 is output to Y120. 

When CH2 is high (V.-), the HD66107T can be Conversely, when SHL = Vec, data d80 is 

used as an 80-bit column driver. In this case, output to Y41 and di is output to Y120. 

Y41 through Y120 are enabled, the states of 











SHL=GND 
Ya | x dy 
Y 120 dgo 
SHL=Vec 
Yai dgo 


Y 420 | X dy 


Figure 6. Column Driver Timing Chart (3) 
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HD66107T 


Column driving (4) When CH2=V.c and BS=GND, 4-bit parallel 
data is latched, while 80-bit data is output. 
CH2 = Vic (80-bit data output mode) The output of latched data is performed in 


BS = GND (4-bit data latch mode) described at “Column driving (3)”. oy = Om BO) \\| 


I 





SHL=GND 





Figure 7. Column Driver Timing Chart (4) 
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Common driving (1) When SHL= Vcc, 160-bit data is shifted from 
: Y1 to Y160, whereas when SHL=GND, data is 
CH2 = GND (160-bit data output mode) shifted from Y160 to Y1. In both cases the 


| HD66107T outputs the data delayed for 160 

‘The HD66107T shifts line scan data input bits by the shift register throughCAR, 

through E at the falling edge of CL2. becoming line scan data for the next IC 
driver. 


(next stage) 





SHL=GND 


Figure 8. | Common Driver Timing Chart (1) 
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Common driving (2) 
CH2 = Vcc (80-bit data output mode) 


When CH2 is high, the HD66107T can be used 
as an 80-bit row driver. In this case, Y41 to 
Y120 are enabled, while the other bits remain 
unchanged. 


HD66107T 


Line scan data input through E is shifted at 
the falling edge of CL2. When SHL=Vcc, data 
is shifted from Y41 to Y120. Conversely, when 
SHL=GND, data is shifted from Y120 to Y41. 
In both cases the HD66107T outputs the data 
delayed for 80 bits by the shift register 
through CAR, becoming line scan data for the 
next LSI. 








SHL=GND 





(next stage) 
1 


1 





Figure 9. Common Driver Timing Chart (2) 
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HD66107T 


LCD Power Supply should be near GND (figure 10). Each voltage 
| | must be within AV. AV determines the range 
This section explains the range of power within which Ron, impedance of driver's 


supply voltage for driving LCD. V:i and V3 output, is stable. Note that AV depends on 
voltages should be near Vipc, and V2 and V4 power supply voltage Vicp-GND (figure 11). 








Figure 10. Driver's Output Waveform and Each Level of Voltage 


Range of power supply voltage 


14 


Vico —GND (V) 





Figure 11. Power Supply Voltage Vico-GND and AV 
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Note 1:R1 and R2 are specified depending on the type of LCD panel. When using an LCD panel with 1/20 bias, R1/(4R1+R2) 
must be 1/20, i-e., R1=3kQ and R2=48kQ. 

Note 2: When designihg a board, place capacitors close to each LSI in order to stabilize power supply. It is recommended to use 
two 0.1 uF capacitors per LSI; one is connected between Vcc and GND, and the other between Vicp and GND. 


Figure 12. Application Example 
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Example of Waveform 


In column driving 
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Figure 13. Column Driver Timing Chart (1) 
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In common driving 


SECTION 


1 
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Figure 14. Common Driver Timing Chart 
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Absolute Maximum Rating 


item Symbol Rating Unit Note 
Power supply voltage Logic circuit Vec -0.3-+7.0 V 1 

LCD drive circuit Vico -0.5—-+38 iv 1 
Input voltage (1) Vr4 —0.3-Vec+0.3 V 1,2 
Input voltage (2) Vro —0.3-Vicp+ 0.3 V 1,3. 
Operation temperature Topr -20-—+75 C 
Storage temperature Tstg —-55-—+125 C 

aaeraes 

Note 1. Reference point is GND (= OV.) 

2. Applies to input pins for logic circuit. 

3. Applies to input pins for LCD drive circuits. 

4. if the LSi is Used beyond absolute maximum ratings, it may be permanently damaged. It 
should always be used within the above electrical characteristics to prevent malfunction or 
degradation of the LSI’s reliability. 
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Electrical Characteristics 


DC Characteristics (Vcc=5V+10%, Vicp=14 to 37V, Ta=—20 to 75°C) 





SECTION 
item Symbol Pins Min. Max. Unit Condition Note 
Input high voltage ViH CL1,CL2,M 0.8xVec Vec V 

SHL, BS, CH2, 
Input low voltage Vit TEST, Do-D7, O 0.2xXVcc V 
E, CH1 
Output high voltage Voy CAR Vec—-0.4 a V lon= —0.4mA 
Output low voltage VoL ae 0.4 V loc. =0.4mA 
Vi-Yj ON resistance Roy Y1-—-Y160, = 3.0 kQ lon=150uA 
V1-V4 . 
Input leak current (1) Ti CL1 ; CL2, M -—5.0 5.0 BA Vin=Vec- GND 
SHL, BS, CH2, 
TEST, Do—D7, 
E, CH1 
Input leak current (2) Io Vi-V4 — 100 100 uA Vin= Vicp — GND 
Power dissipation (1) icc; = 5.0 mA for2 =8MHz 1 
Power dissipation (2) icp; = 2.0 mA for1 =28kHz 2 
Power dissipation (3) Ist = 0.5 mA In standy 
| mode: 
fcL2=8MHz, 1 
fei; = 28kHz 2 
Power dissipation (4)  Icc2 a 1.0 mA fic: =28kHz 1 
Power dissipation (5) = Iicp2 a 0.5 mA fm =35Hz 3 


Note 1. Input and output current is excluded. when an input is at the intermediate level is CMOS, the 
excessive current flows from the power supply though the input circuit. To avoid it, Vin and 
Vit must be fixed to Vcc and GND respectively. 
2. Applies to column driving. 
3. Applies to row driving. 
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AC Characteristics (Vcc=5V+10%, Vico=14 to 37V, Ta=-—20 to 75°C) 


In column driving 


item Symbol Pin name Min. Max. Unit Note 
Clock cycle time teye CL2 125 as ns 

Clock high-level width tcwH CL2 30 = ns 

Clock low-level width tewL CL2 30 = ns 

Clock setup time tscL CL2 200 _ ns 

Clock hold time tHcL CL2 200 a ns 

Clock rising/falling time tct CL1, CL2 = 30 ns 

Data setup time tpsu Do-D7 30 = ns 

Data hoid time tbH Do—Dy7 30 = ns 

E setup time tesu E 25 - ns 

Output delay time tocar CAR — 70 ns 1 
M phase difference tem M, CL1 = 300 ns 


Note 1. Specified when connecting the load circuit shown to the right. 


Test point ae 2 


A, 





Figure 15. Test Circuit 
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SECTION 
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Figure 16. Controller Interface of column Driver 
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In common driving 


item 
Clock low-level width 


Clock high-level width 
Data setup time 

Data hold time 

Data output delay time 
Data output hold time 
Clock rising/falling time 


Input data 


CAR 


Output data 


Symbol 
tWu1 
tWwHt 

tos 

toH 

top 

tpHw 

ter 


Pin name 
CL2 
CL2 


tos 


60 
100 


tox 


Max. 


a 





Unit Note 
us 

ns 

ns 

ns 

“uS 1 

ns 1 

ns 


Figure 17. Controller Interface of common Driver 
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HD61105,HD61105A—\___— 
(Dot Matrix Liquid Crystal Graphic 
Display Common Driver) SECTION 


DESCRIPTION 
The HD61105, HD61105A is a common signal 


I 


driver for dot matrix liquid crystal graphic 





display systems. It provides 80 driver 
output lines and the impedance is low enough 


to drive a large screen. 


As the HD61105, HD61105A is produced in a 
CMOS process, it fits for use in portable 
battery drive equipments utilizing the 


liquid crystal display's low power consumption. 





ME FEATURES 8 PIN ARRANGEMENT 


les! 
me 


@ Dot matrix liquid crystal graphic 
display common driver with low 


impedance. 


@ Internal liquid crystal display 


driver circuit - 80 circuits 


@® Display duty ratio factor 1/64 v 
1/200 


@® Internal 80-bit shift register 
@ Power supply for logic circuit 5 + 102 


@ Power supply for LCD drive circuits; 
10 to 26V (HD61105) 
10 to 28V (HD61105A) 

@ CMOS process 





Gi 
eeggeesses 


(Top View) 
@ 100-pin plastic QFP (FP-100) 
MM ORDERING INFORMATION 


LCD driving 
Type No. Level (V) Package 


HD61105 10 to 26 100 pin 
SS plastic 
HD61105A 10 to 28 QFP (FP-100) 
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WB BLOCK DIAGRAM 


X1 X2 X3 X78X79Xg0 V1 V2 V5 V6 
80 output terminals 










Vcc 


GND Liquid crystal “a) 
VEE display driver circuit 78179 


Bidirectional 


DI . shift register 


SHL 


CL 
FCS 


| oe 
HD61105 Vcc - 28.0 to Vcc + 0.3 

Supply voltage(2)inéii0sa| YEE [Vcc - 28.5 to Vcc + 0.3) ” j 

Terminal voltage (1) Vr1 -0.3 to Vcc + 0.3 25 so 


Terminal voltage (2) VER ~- 0.3 to Vcc + 0.3 4,5 
Operating temperature -20 to +75 


(Note 1) LSI's may be permanently destroyed if being used beyond the 

















absolute maximum ratings. In ordinary operation, it is desirable 
to use them within the limits of electrical characteristics, 
because using beyond these conditions may cause malfunction and 
poor reliability. ) 

(Note 2) All voltage values are referred to GND = OV. 


(Note 3) Applies to input terminals except V1, V2, V5 and V6. 
(Note 4) Applies to Vl, V2, V5 and V6. 


(Note 5) Vcc 2 Vl 2 V6 2 V5 2 V2 2 Vpp must be maintained. 
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WR ELECTRICAL CHARACTERISTICS 


@ DC CHARACTERISTICS J=fou ae) 
(Vcc = 5V+10%, GND=OV, Vcc - VEE=10 to 26V (HD61105), Vcc - VEE=10 to 
28V (HD61105A), Ta=-20 to +75°C) 1 













hai pg eee lass. 
Test Item Symbol] Test poneseree |= Ming | Unit | Note 
— Typ. aes 


er fap |p mal [ 
Guepue “High” voltage fow-0-tma \woo-o-s| - | - | vl? 
vars tv wt [ou frst [= [= fon Pe [a 


Vi-Xj ON Resistance Yoo. Ven. Oy 
Load current 
. + 150yuA 


ee ; at 1/200 duty 
Dissipation Current (2 Ss se, ie | 


(Note 1) Applies to input terminals FCS, SHL, DI, M, and CL. 














(Note 2) Applies to output terminal of DO. 


(Note 3) Applies to the terminals NC, and the input terminals FCS, SHL, DI, 
M, and CL. 


(Note 4) Applies to V1, V2, V5, and V6. No wire is to be connected to X1X80. 


(Note 5) Resistance value between terminal X (one of Xl to X80) and terminal 
V (one of V1, V2, V5, and V6) when load current is applied to one of 
terminals Xl to X80. This value is specified under the following 


condition. 
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HD61105, HD61105A 


Vcc - VEE = 26V 
| V1, V6 = Vcc - 1/10 (Vcc - VER) 
| V2, V5 = Vpp + 1/10 (Vcc - Veg) 


- RON 
| | | Givetea 
v6 —————-0 
| V5 Terminal X 
| gene a eee (X1 ~ X80) 


V2 


Here is a description of the range of power supply voltage for liquid crystal 
display drive. Apply positive voltage to Vl, and V6, and negative voltage 
to V2 and V5, within the AV range respectively. This range allows stable 
impedance on driver output (Roy). Notice that AV depends on power supply 


voltage Voc - VER: 








S 
a 
V5 
v2 
YER 10 26 
VCC - VEE (V) 
Correlation between Driver Correlation between Power 
Output Waveform and Power Supply Voltage Vcc"VEE and AV 


Supply Voltages for Liquid 
Crystal Display Drive 


(Note 6) The currents flowing through the GND terminal. 
Specified when display data is transferred under following 


conditions. 


CL frequency foy, = 14 kHz (data transfer rate) 
M frequency fM = 35 Hz (frame frequency / 2) 
Display duty ratio 1/200 


Vin = Vcc, Vin = GND 
No load on outputs 
(Note 7) The currents flowing through the Vgp terminal in the conditions 
of (Note 6). No line is to be connected to the V terminal. 
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@ AC CHARACTERISTICS 
(Vcc = 5V + 10%, GND = OV, Ta = -20 to +75°C) 


SECTION 


CL 
(FCS=GND) 
(shift clock) 


“Yuh 





CL 
(FCS=Vcc) 
(shift clock) 


DI 
input data 


DO 
output data 








Clock low level width (FCS = GND) fem | 5.0 | | [us| | 
rctock nigh ievel wiaeh Geos = am) | wm [vas | [| | 
Clock low level width (FCS = Vcc) }ewe2 {125 | | jas] | 
Clock high level width (FCS = Vcc) | tWH2 se ae 








Note 1) The following load circuits are connected for specification: 


Output terminal aaa 
30pF (including jig capacity) 


ihr 
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HD61105, HD61105A 


ME TERMINAL CONFIGURATION 


@ Input Terminal 
Applicable Terminals: DI, CL, SHL, FCS, M 


Vcc 


PMOS 


NMOS 


@ Output Terminal 
Applicable Terminal: DO 


Vcc 


PMOS 


NMOS 


@ Output Terminal 
Applicable Terminals: Xl ~ X80 


mig 


PMOS V1 


V6 


V5 





ea 


NMOS v2 


VEE 
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ca BLOCK DIAGRAM 
X] Xq X3 X7g X79 X80 V1 V2 V5 V6 


80 output terminals oy =k OF BLO]. 


Vcc 
ane Lb o44 











Liquid crystal 
display driver 
circuit 


1 





VEE 


SHL 


CL 


FCS 


MM BLOCK FUNCTIONS 
@ Bidirectional Shift Register 


This is a 80-bit bidirectional register. The data from the DI terminal 
is shifted by the shift clock CL. The output terminal DO outputs the 
last shifted data. In case of serial cascade connection, the terminal 
DO functions as the data input to the next LSI. The terminal SHL selects 
the data shift direction, and the terminal FCS selects the shift clock 


phase. 


Truth Table 


(Positive Logic) 


| SHL | Data Shift Direction 


DI->SR1-SR2~SR3 0 ~------ SR79 ©SR80 »DO 





Lo | DI ->SR80-SR/9 *SR78 0 te SR2 -~SR1-»DO 
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440 






Shift Clock Phase 
' od Shifted at the falling edge of CL. 


Shifted at the rising edged of CL. 


@ Liquid Crystal Display Driver Circuit 






The combination of the data from the shift register with M signal allows 
one of the four liquid crystal display driver levels Vl, V2, V5, and V6 


to be transferred to the output terminals. 


Truth Table 


(Positive Logic) 


shift register 
a eee 7 ee, eee 
a ae 1) ea See 
a ee ee 


@ HD61105 TERMINAL FUNCTIONS 


Terminal Number of t/o Connected eons 
nam Terminals to 


Vcc - GND: Power supply for internal 























logic 





Vcc - VEE: Power supply for LCD drive 


circuit 


Power supply for liquid crystal drive 











crystal 
drive 
level power 


supply 


V1, V2 --- selection level 


V5, V6 --- non-selection level 


FCS 1 Vcc or GND |Selects shift clock phase. 





FCS = Vcc Shift register operates at 
the rising edge of CL. 

FCS = GND Shift register operates at 

fall of CL. 







Signal to convert LCD driver signal 


into AC. 


a 
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HD61105, HD61105A 


Terminal | Number of Connected ? 
: I/O Functions 
name Terminals to 


7 
wii 
yy 


SHL 1 I | Vcc or GND {Selects shift direction of bidirec- 
tional shift register. 


BIMAT La 
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SECTION 


clock 





FCS = Vcc Shift register operates at 







the rise of CL. 





I 





FCS = GND Shift register operates at 
fall of CL. 








the 














Shift register data input 








Controller 
or the 

terminal DO 
of HD61105 







In case of cascade connection, the 


terminal DI is connected to the 







terminal DO of the preceding LSI. 







Open or the|/Shift register data output 
terminal DI 
of HD61105 






In case of cascade connection, the 





terminal DO is connected to the 






terminal DI of the next LSI. 

















Liquid Liquid crystal display driver output 
crystal 
display 


Xl ~ X80 









Outputs one of the four liquid crystal 


display driver levels Vl, V2, V5 and 






V6 with the combination of the data 


from the shift register and M signal. 






Data 






Output 
ses v2 vel vals] 
Data "1" ~-- Selection level 






"ogo" --- Non-selection level 





When SHL is VCC, Xl corresponds to 
COM1 and X80 corresponds to COM80. 
When SHL is GND, X80 corresponds to 
COM1 and Xl corresponds to COM80. 










Unused. 





No line is to be connected. 
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HD61105, HD61105A 


442 


@ OUTLINE OF HD61105 SYSTEM CONFIGURATION 


1) When display duty ratio of LCD is 1/80 


Controller Lep 


HD61105 








Controller 






HD61105 
(2) 
HD61105 
(3) 


3) 





COM160 
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4) When display duty ratio of LCD is 1/160 


HD61105 80 
(1) 
HD61105 
(2) 
HD61105 
(3) 
HD61105 


(4) 








SECTION 


Controller 






I 









5) When display duty ratio of LCD is 1/200 
HD61105 
(1) 


HD61105 
(2) 
HD61105 


(3) 






Controller 


LCD 





80 






COM200 
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@ EXAMPLE OF CONNECTION 


1) 1/200 duty ratio 
a) Example of connection (SHL = Vcc, FCS = GND) 
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mille | 
Contrast ie o coM160 
-20VC ! = 
eS COM161 
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COM200 
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a 
| ee 
Hie 
OVa = 
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R3=152 me 


VCC 


HD61105 (No.3) 


Controller 





Note 1) The values of R1 and R2 vary with the LCD panel used. 
When bias factor is 1/15, the values of R1 and R2 should satisfy 
__ RL 
4R1 + R2 15 
For example, Rl = 3k, R2 = 33k 
© HITACHI 


AAA Hitachi America Ltd. ¢ Hitachi Plaza © 2000 Sierra Point Pkwy. # Brisbane, CA 94005-1819 © (415) 589-8300 


IHOVLIH © 


0088-685 (SL) © GL8L-SOOKE WO ‘aURgSLIg © AMYd JU!Od BIBI QOOZ © EZElq IYDRNH © “p}] eva 1yde}IH 


cVvV 


b) 


Example of Waveform 
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2) 1/100 duty ratio 
a) Example of connection 1 (SHL = Vcc, FCS = GND) 
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The values of Rl and R2 vary with the LCD panel used. 


Note 1) 
is 1/11, the values of Rl and R2 should satisfy 


When bias factor 


Rl 1 


4R1 + R2 1 
For example, Rl = 3kQ2, R2 = 21k2 
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b) Example of Waveform 
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c) Example of connection 2 (SHL = GND, FCS = Vcc) 
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Note 1) The values of R1 and R2 vary with the LCD panel used. 
When bias factor is 1/11, the values of R1 and R2 should satisfy 


eae es eae 
4R1 + R21 
For example, Rl = 3k2, R2 = 21k2 
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Example of Waveform 
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HD61830 
(Dot Matrix Liquid Crystal Graphic 
Display Controller) 


DESCRIPTION 

The HD61830 is a dot matrix liquid crystal 
‘graphic display controller LSI that stores 
the display data sent from an 8-bit micro- 
computer in the external RAM to generate 


dot matrix liquid crystal driving signals. 


It is possible to select the graphic mode 
in which the l-bit data of the external 
RAM corresponds to the ON/OFF state of 1 





dot on liquid crystal display and the (FP—60) 
character mode in which characters are 
displayed by storing character codes in B PIN ARRANGEMENT 
the external RAM and developing them into 
the dot patterns with the internal 
character generator ROM. Both modes can 


be provided for various applications. 


The HD61830 is produced in the CMOS 
process. Thus, the combination with a 
CMOS microcomputer can accomplish a 
liquid crystal display device with lower 


power dissipation. 





(Top View) 
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@ FEATURES 


* Dot matrix liquid crystal graphic display controller Jou ale) 


+ Display control capacity 





Graphic mode ....... 512K dots (2!© bytes) 1 
Character mode ..... 4096 characters (2!* characters) 
- Internal character generator ROM ..... 7360 bits 


160 types of 5x7 dot character fonts 
Total 192 types 


32 types of 5x11 dot character fonts 
(Can be extended to 256 types (4K bytes max.) by external ROM) 


- Interfaceable to 8—bit MPU 


- Display duty (Can be selected by a program) 
Static to 1/128 duty selectable 


- Various instruction functions 


Scroll, Cursor ON/OFF/blink, Character blink, Bit manipulation 
- Display method ..... Selectable A or B types 
- Internal oscillator (with external resistor and capacitor) 
- Low power dissipation 
+ Power supply: Single +5V 
- CMOS process 


- 60-pin flat plastic package 
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HD61830 
MBLOCK FUNCTIONS 


@Registers J =foun[0)\\ ie 


The HD61830 has the five types of registers: instruction register (IR), data 
input register (DIR), data output register (DOR), dot registers (DR) and mode 1 
control register (MCR). 





The IR is a 4-bit register which stores the instruction codes for specifying 
MCR, DR, a start address register, a cursor address register and so on. The 


lower order 4 bits DBO to DB3 of data buses are written in it. 


The DIR is an 8-bit register used to temporarily store the data written into 
the external RAM, DR, MCR and so on. 


The DOR is an 8-bit register used to temporarily store the data read from the 
external RAM. Cursor address information is written into the cursor address 
counter (CAC) through the DIR. When the memory read instruction is set in the 
IR (latched at the falling edge of E signal), the data of external RAM is read 
to DOR by an internal operation. The data is transferred to the MPU by read- 
ing the DOR with the next instruction (the contents of DOR are output to the 
data bus when E is at "High" level). 


The DR are registers used to store the dot informations such as character 
pitches and the number of vertical dots and so on. The information sent from 


the MPU is written into the DR via the DIR. 


The MCR is a 6-bit register used to store the data which specifies states of 
display such as display ON/OFF and cursor ON/OFF/blink. The information sent 
from the MPU is written in it via the DIR. 


@ Busy Flag (BF) 


With "1", the busy flag indicates the HD61830 is performing an internal 
operation. The next instruction cannot be accepted. As shown in Control 
Instruction(14),the busy flag is output on DB7 under the conditions of RS=1, 
R/W=1 and E=l1. Make sure the busy flag is "0" before writing the next in- 


struction. 


@ Dot Counters (DC) 


The dot counters are counters that generate liquid crystal display timing 


according to the contents of DR. 
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@ Refresh Address Counters (RAC1/RAC2) 


The refresh address counters are counters used to control the addresses of 
external RAM, character generator ROM (CGROM) and extened external ROM 
having the two types: RAC] and RAC2. The RAC1 is used for upper half of 
screen and the RAC2 for lower half. In the graphic mode, 16-bit data is 
output and used as the address signal of external RAM. In the character 
mode, the high order 4 bits (MA12.MA15) are ignored. The 4 bits of line 
address counter are output instead of it and used as the address of 


extended ROM. 


@® Character Generator ROM 


The character generator ROM has 7360 bits in total and stores 192 types of 
character data. A character code (8 bits) from the external RAM and a line 
code (4 bits) from the line address counter are applied to its address sig- 
nals, and it outputs 5-bit dot data. 


The character font is 5x7 (160 types) or 5x1ll (32 types). The use of ex- 
tended ROM allows 8x16 (256 types max.) to be used. 


@Cursor Address Counter 


The cursor address counter is a 16-bit counter that can be preset by the 
instruction. It is used to hold an address when the data of external RAM is 
read or written (when display dot data or a character code is read or written). 
The value of cursor address counter is automatically increased by 1 after the 
display data is read or written and after the Set/Clear Bit instruction is 


executed. 


@Cursor Signal Generator 


The cursor can be displayed by the instruction in the character mode. The 
cursor is automatically generated on the display specified by the cursor 


address and cursor position. 


@Parallel/Serial Conversion 


The parallel data sent from the external RAM, character generator ROM or 
extended ROM is converted into serial data by two parallel/serial conversion 
circuits and transferred to the liquid crystal driver circuits for upper 


screen and lower screen simultaneously. 
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FUNCTIONS 


Function 


Data bus ... Three-state I/O common terminal 
Data is transferred to MPU through DBO to DB/. 






Chip select ... Selected state with CS=0. 


Read/Write ... R/W=1 ... MPU < HD61830 
R/W=0 ... MPU > HD61830 


Register select ... =] ... Instruction register 
- Data register 





Enable ... Data is written at the fall of E. 
Data can be read while E is l. 


CR oscillator 





Reset ... Reset=0 results in display OFF, slave mode and Hp=6. 


External RAM address output 


In character mode, the line code for external CG is output 


through MA12 to MA15 ("0O": Character 1st line, 
"FF": Character 16th line). 


MD0~7 Display data bus ... Three-state I/O common terminal. 


RDOV7 





ROM data input ... Dot data from external character generator 
is input. 


Signal for converting liquid crystal driving ae into AC, 
A type 


Signal for converting liquid crystal driving signal into AC, 
B type 


Display data serial output 


Dl ... For upper half of screen 
D2 ... For lower half of screen 





CPO Clock signal for HD61830 in slave mode. 


Synchronous signal for parallel operation. 
Three-state I/O common terminal (with pull-up MOS). 


Master ... Synchronous signal is output. 
Slave ... Synchronous signal is input. 
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MABSOLUTE MAXIMUM RATINGS 


een ence | pe [aes fe | 
sone ean |e [ses fe |_| 


Note 1: All voltage is referred to GND=OV. | 











Note 2: If LSI's are used beyond absolute maximum ratings, they may 
be permanently destroyed. We strongly recommend you to use 
the LSI's within electrical characteristic limits for normal 
operation, because use beyond these conditions will cause 
malfunction and poor reliability. 


MELECTRICAL CHARACTERISTICS 


(Voc=5V+5%, GND=0V, Ta=-200475°C) 


Input "Low" voltage (TTL) 












Input "High" voltage VIHR 3.0 


Input "High" voltage (CMOS)| VrHc Le 0.7Vcc 


Input "Low" voltage (CMOS)| VrILc 


= 

eS 

ia 

a 

pt | - I, 

Output "High" voltage (TTL)] VoH 2.4 S Vcc 
Output "Low" voleaee (TTL) |] Voz | Iop=1.6ma | 0 | | 

Output "High" voltage(CMOS)| Voyc jToy~0.6ma | vco-0.4) = | 

Output "Low" voltage (CMOS)| Vozc | IoL=0.6mA Loe he! 

im [vores [3 [= 

at | Yorotog [10 | 

va ose] fw [as [we 
ve fee = oo [a 


Internal clock operation 


et 









Cf=15pF+5Z% 
R£E=39k0427 





Clock oscillation frequency] fosc 


@ HITACHI ? 
Hitachi America Ltd. ¢ Hitachi Plaza « 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 © (415) 589-8300 


456 





HD61830 


External clock operation 





Pull-up current 


Note: The I/O terminals are of the following configuration: 


@ Shape of Input Terminal 


Applicable terminal: CS, E, RS, Applicable terminal: RDO VRD7 
R/W, RES, CR (Without pull-up MOS) (With pull-up MOS) 
Vec Vec Vee 


PMOS PMOS 
(Pull-up MOS) 
NMOS NMOS 


@ Shape of Output Terminal 





Applicable terminal: CL1l, CL2, MA, MB, FLM, CPO, Dl, D2, WE, OF, CE, MAOQ\MAL15 


Vcc 


; PMOS 
NMOS 
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@ Shape of I/0 Common Terminal 


Applicable terminal: DBO VDB7, SYNC, MDO MD7 


Vec Vec 








(Pull-up Mos)]|_ so} J] : 


Data 






(Input circuit) 


(Output circuit) 
(Three state) 


Note 1: Applied to input terminals and I/O common terminals, except terminals 
SYNC, CR and RES. 


Note 2: Applied to input terminals and I/O common terminals, except terminals 
SYNC and CR. 
Note 3: Applied to terminal RES. 
Note 4: Applied to terminals SYNC and CR. 
Note 5: Applied to terminals DBOVDB7, WE, MAOVMA15,and MDO\MD7. 
Note 6 
7 
8 


Note 


>: Applied to terminals SYNC, CPO, FLM, CL1, CL2, Dl, D2, MA and MB. 
Applied to input terminals. 


Note 8: Applied to I/O common terminals. However, the current which flows 


into the output drive MOS is excluded. 


Note 9: The current which flows into the input and output circuits is ex- 
cluded. When the input of CMOS is in the intermediate level, current 
flows through the input circuit, resulting in the increase of power 
supply current. To avoid this, input must be fixed at high or low. 
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The relationship between the operating frequency and the power dissipation 


is given below. 


SECTION 


1 


Py (mW) 
(+4) 





w 





250 500 750 1000 1250 1500 
f osc (kHz) 


Note 10: Applied to the operation of internal oscillator when oscillation 
resistor Rf and oscillation capacity Cf are used. . 


Cf =15pF +5% 
7. 


‘ Re = 39kQ +2 
R¢ Cc (when fosc = 
Cf 500kHz typ) 

CR 


The relationship among oscillation frequency, Rf and Cf is given below. 
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Rf (kQ) 
Note 11: Applied to external clock operation. 


—t TI 








Th 
Duty = x 100 % 
trop tfcp Th+ TI 


Note 12: Applied to SYNC, DBOVDB7, and RDOVRD7. 


TIMING CHARACTERISTICS 


@Bus Read/Write Operation (Interface to MPU) 


tcyc 


tWEH tWEL 


2.2V 
E 
0.8V 
ter teEf 
tAS tAH 


2.2V 
0.8V 
ra be 
DB, wr / 2.2V \ 
(MPU-HD 61830 ) 0.8V 
tDH 


tDDR 
DB) ~: 2.4V 
(MPU — HD 61830) 0.4V 
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SECTION 





Note: The following load circuit is connected for specification: 


Vcc 


Test 

point 
RL = 2.4kQ 
R = 11kQ 
C = 130 pF 


Diodes Dl to D4: 182074) 
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@Interface to External RAM and ROM ) 


SYNC }Vcc 


tosy twsy t ccro 


ee 


a Ry : 
a 


CPO 





ral 






Son | ine] Be | we 


SYNC pulse width "High" level | twsy | 900 — 
CPO cycle time tccpo | 900 | 


Min. 

"High" level tWCPOH | 450 
CPO pulse width ee 

250 







"Low" level | twopon | 450 | 

[Wate RAIS wefreah delay eine | evan [= 
[ico MAS wee dene delay time | toma | = 
[HOO co WT write data delay eine | eww | = 
eo! 

Roe 

| 250_| 

— 












= 
esonw | 250 
— 

50 


WE pulse width ("Low" level) 


Note 1: No load is applied to all the output terminals. 
Note 2: "%*" indicates the delay time of RAM and ROM. 
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@ Data Transfer to Driver LSI 





>] = Om BLO) \\| 
tWeL! 
1 
CL1 3 Voc 1 
tDCL2 ——tWCL2 
CL2 
TWCL 
MA, MB 
tDF 
1 Vi 
—VC 
: oe 
tppD 
Ly 
— VCC 
D2 9 


Item Symbol 


Clock pulse width ("High" level) twcLl 


CDCL2 
Clock cycle time tWCL2 


Clock pulse width "WCH 


Data setup time tsp 


Note: No load is applied to all the output terminals (MA, MB, FLM, D1 and 
D2). 


Clock delay time 
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@ Display Control Instructions 


Display is controlled by writing data into the instruction register and 13 
data registers. The RS signal distinguishes the instruction register from 
the data registers. 8-bit data is written into the instruction register 
with RS=1, and the code of data register is, specified. After that, the 
8-bit data is written in the data register and the specified instruction 


is executed with RS=0. 

During the execution of the instruction, no new instruction can be 
accepted. Since the busy flag is set during this, read the busy flag and 
make sure it is 0 before writing the next instruction. 


(1) Mode control 


Code $"00" (hexadecimal) written into the instruction register specifies 


the mode control register. 


R/W 


Mode data 


Mode control reg. 


Graphic/character 
display. 


Character display 
(Character mode) 


Cursor/blink 
Cursor OFF 
Cursor ON 
Cursor OFF, character blink 
Cursor blink 
Cursor OFF 
Cursor ON | 


Cursor OFF, character blink 





Cursor blink 


+ External Internal Cy 
/N| CG CG QQ 


vi 


Graphic mode 
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1: Master mode 
O: Slave mode 
1: Display ON 
0: Display OFF 
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(2) Set character pitch 


Register 


Instruction reg. 


SECTION 





Character pitch 
reg. 


Vp indicates the number of vertical dots per character. The space be- 





tween the vertically-displayed characters is considered for determina- 
tion. This value is meaningful only during character display (in the 


character mode) and becomes invalid in the graphic mode. 


The Hp indicates the number of horizontal dots per character in display, 
including the space between horizontally-displayed characters. In the 
graphic mode, the Hp indicates the number of bits of l-byte display data 
to be displayed. 


There are three Hp values. 


| 6 | Horizontal character pitch 6 
ee 






(3) Set number of characters 


[nestocer [ww [35 [ oo7] ows [ove [ova | 
refefofo[o{:]o— 


Number-of-characters 
reg. 


Hy indicates the number of horizontal characters in the character mode 


















or the number of horizontal bytes in the graphic mode. If the total sum 


of horizontal dots on the screen is taken as n, 
n = Hp x Hy 


Hy can be set with an even number of 2 to 128 (decimal), 
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(4) Set number of time division (inverse of display duty ratio) 


R/W | RS | DB7| DB6 | DBS | DB4 | DB3 | DB2 | DB1 | D 
1fofefolofofo{i]i 


a ee ee 
Fess £9 C3 
reg. 


| Nx indicates the number of time division in multiplex display. 










1/Nx is a display duty ratio. 


A value of 1 to 128 (decimal) can be set to Nx. 


(5) Set cursor position 


i refs fe fe 





Cursor position 
reg. 


Cp indicates the position in a character where the cursor is displayed 


in the character mode. For example, in 5x7 dot font, the cursor is 
displayed under a character by specifying Cp=8 (decimal). The cursor 
horizontal length is equal to the horizontal character pitch Hp. A 
value of 1 to 16 (decimal) can be set to Cp. If a smaller value than 
the number of vertical character pitches Vp is set (Cp <Vp), and a 
character is overlapped with the cursor, the cursor has higher priority 
of display (at cursor display ON). If Cp is greater than Vp, no cursor 
is displayed. The cursor horizontal length is equal to Hp. 


(6) Set display start low order address 


Instruction reg. 


Display start address 
reg. (low order byte) 





(7) Set display start high order address 


Display start address 
reg. (high order byte) 
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These instructions cause display start addresses to be written in the 
display start address registers. The display start address indicates a 
RAM address at which the data displayed at the top left end on the screen >] = Om NO) 
is stored. In the graphic mode, the start address is composed of high/ 
low order 16 bits. In the character display, it is composed of the lower 


4 bits of high order address (DB3 ~% DBg) and 8 bits of low order address. 





The upper 4 bits of high order address are ignored. 


(8) Set cursor address (low order) (RAM write low order address) 


[wesc Jao [ ws [oo] ovo [os [oe [a [on ona [ma 
iostmction ves (0 [2 of of ofe{s]efife 


dd t 
ne pee ca ss ae (Cursor low order address) binary 


(9) Set cursor address (high order) (RAM write high order address) 


nT 














creeps mad Ce (Cursor high order address) binary 


These instructions cause cursor addresses to be written in the cursor 





address counters. The cursor address indicates an address for sending 
or receiving display data and character codes to or from the RAM. 

Namely, data at address specified by the cursor address are read/written. 
In the character mode, the cursor is displayed at the digit specified 


by the cursor address. 


A cursor address consists of the low-order address (8 bits) and the 
high-order address (8 bits). Satisfy the following requirements. 


When setting the cursor address. 





When you want to rewrite (set) Set the low order address and 














both the low order address and then set the high order 





the high order address. address. 





When you want to rewrite only Don't fail to set the high 








the low order address. order address again after 






setting the low order address. 
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When you want to rewrite only Set the high order address. 


the high order address. You don't have to set the low 





order address again. 


The cursor address counter is a 16 bit up-counter with SET and RESET 
functions. When the bit N changes from 1 to 0, the bit N+l is added 
by 1. When setting the low order address, the LSB (bit 1) of the 
high order address is added by 1 if the MSB (bit 8) of the low order 
address changes from 1 to 0. Therefore, set both the low order 


address and the high order address as shown in above table. 


(10) Write display data 


Tiastmcvin ves eta fet efefelsfsfola 
Prey =i (isti‘éidl CO ON MSB (pattern data, character code) LSB 


After the code $'0OC' is written into the instruction register with RS=l, 






8 bit data with RS=0 should be written into the data register. This 
data is transferred to the RAM specified by the cursor address as display 
data or character code. The cursor address is increased by 1 after this 


operation. 


(11) Read display data 


[Register | e/w] as | ps7] ps6 | ons ps4 | ps3 | ps2 | ps2 | pao | 






Data can be read from the RAM with RS=0 after writing code $'OD' into the 


instruction register. The read procedure is as follows: 
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Pe esi ele ee lee deel Meds ee Weal ee ote eshinde e) Ped alies J oun le)y 


a a oe 1 
os Le oe 2 oe eH oe me an 


Cursoc [Cursoc | Busy [Cursor |Cursor | Busy Daca Dummy | Busy [| * Busy jN+L 





3usv 


check | 2d¢ress | low check | address | high check read cead. check | address] check | address 
sec order sec order mode data data 
node address mode address read read 
write write 


address 
ees ‘+l address . 


cegiscter 


This instruction outputs the contents of data output register on Data 
Bus (DBO to DB7) and then transfers RAM data specified by a cursor 
address to the data output register, also increasing the cursor address 
by 1. After setting the cursor address, correct data is not output at 
the first read but at the second time. Thus, make one dummy read when 


reading data after setting the cursor address. 


(12) Clear bit 


ees 
Sc 
| Bit clear reg- | 0 | 0 | o | o| 0 | 0 | Di 





(13) Set bit 


Instruction reg. ae Dae ae 





The Clear/Set Bit instruction sets 1 bit in a byte of display data RAM 


to 0 or 1, respectively. The position of the bit in a byte is specified 
by Np and RAM address is specified by cursor address. After the 
execution of the instruction, the cursor address is automatically 
increased by 1. Ng is a value of 1 to 8. Np=1 and Np=8 indicates LSB 
and MSB, respectively. 
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(14) 


470 


[Reatster [a [ 05 | oa7| vos] vos] one [ ons | 2 | oni] oo 


Read busy flag 






vol 


When the read mode is set with RS=1, the busy flag is output to DB7. 

The busy flag is set to 1 during the execution of any of instructions 
(1) to (13). After the execution, it is set to 0. The next instruction 
can be accepted. No instruction can be accepted when busy flag=l. 
Before executing an instruction or writing data, perform a busy flag 
check to make sure the busy flag is 0. When data is written in the 
register (RS=1), no busy flag changes. Thus, no busy flag check is 
required just after the write operation into the instruction register 


with RS=1. 


The busy flag can be read without specifying any instruction register. 
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Bs OOOsoooso0o0os8oo 
BOODSO0OeseeMo WIE 
Seegeedooscjooso & IOMOCIC 

BOO0OOsoDD0oE OOOO mgoOonvoOnN 

Taieie) ieee | | Tt ie it.) | eee 

OooononNooooonn NOON 

NOOO 
jaininin 


tee OOO IOC 
BOO0SO00osooosoo IOS =] = Om BO) 
3 | j00c 


MIO WIE ed 
CCITT I] 
! 


! 
noon 
eee 
SOOcim@erics 


eeeodoa 
nonooono 
IDOOOOOe 

















Ss 


Horizontal character | Lateral character pitch 
Number of horizontal | Number of lateral characters per | 2 to 128 
characters line (number of digits) in the digits 

character mode or number of bytes| (an even 
per line in the graphic mode. number ) 
Vertical character Longitudinal character pitch 1 to 16 
Vp 
pitch dots 
C Cursor position | Line number on which the cursor 1 to 16 
P can be displayed lines 
Number of time Inverse of display duty ratio 1 to 128 
division lines 


Note: If the number of vertical dots on screen is taken as m, and the 
number of horizontal dots as n, 
















1/m = 1/Nx = display duty ratio 
n = Hp X Hy, m/Vp = Number of display lines 
Cp < Vp 
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@ Display Mode 


Liquid crystal 
display panel 
6, 7 or 8 dots 


Hp: 


address 


WY) 
Ww) 
HoH 
eo 'U 
WU 
mn 


Display data 


from MPU 
(8 bits) 
Display pattern 


Character code 
(8 bits) 


Display mode 
Character 
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@ Internal Character Generator Patterns and Character Codes 






Higher. 
$bit}0010 1001110100 0110/0111 1110)1111 


oom | TFG ale FES By 
ow [SENET a ale et 
own BLS ESC Lela PATE seo 
ow ELATED, CEFF pa se 
wo fg etl WTleslual = [fF ee i 
FUP VES ae 
coon EP alle LS t 
Gabais ala eae segs 
eee ee 
PEST Mikael F 
joe PRLS Teed lato! fF 
= FF RICE EI | 
pow |= IL ERLLL Tee Ee a 
hae aes ean nares reer, 
pow ALT alee 
ew Oy A lla EE Fh 
eos TF Deal aT Gh 
XXXX]111 : 












































xxxx0110 







xxxx]000 









xxXxx1001 
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OEF 
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16K bits 


CMOS 


ty 
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any 
CL1, CL2 


Ce (aa tera 
MB, FLM 
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mi 
ERR ee ES Ra ees 

HD 44100H 
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— 

= 

Beil Ss Ee i) Gears 8 


ae) 5 
a HD 44100H 
ee en 
V1i— V6 
Power supply for 
GND ; liquid crystal 


display drive 
mn 
VeE (— 5V) 


oo wee ee oe EES Oe) EE oS Ee ee Oe ee 
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MEXAMPLE OF CONFIGURATION 


@Graphic Mode 





@Parallel Operation 


(Master) 







Driving both of two 
module by same 
common signal 
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Comparison Chart 
The Difference Between HD61830 and HD61830B 


The following is the difference between HD61830 and HD61830B 





] af ON BLO) 
No. Difference HD61830 HD61830B 
1 Display capacity 64 x 480 dot max. at one chip 200 x 320 dot max. at one chip 
@ achip fcp 1.1 MHz max. fep 2.4 MHz max. 
2 Oscillator Internal clock or external clock External clock only 
3 Signal HD61830 HD61830B 
Display RAM Display RAM 





4 Memory data setup 
timing 
5 Timing of SYNC 
6 Reset (RES) function Up on reset (RES is Low) Up on reset (RES is Low) 


1. Display OFF mode 

2. HP-6 (Horizontal character pich6) 
3. Internal Busy Flag is reset 

4. Slavemode 


. Display OFF mode 

. HP-6 (Horizontal character pich6) 
. Internal Busy Flag is reset 

. Slavemode 


. Timing clock for internal CGROM is 
inhibited while RES is low. 


aor WN = 
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HD61830B 
(Dot Matrix Liquid Crystal Graphic 


Display Controller) 





Description 


The HD61830B is a dot matrix liquid crystal graphic 
display controller LSI that stores the display data sent 
from an 8-bit microcomputer in the external RAM to 
generate dot matrix liquid crystal driving signals. 


It is possible to select the graphic mode in which the 
1-bit data of the external RAM corresponds to the ON/ 
OFF state of 1 dot on liquid crystal display and the 
character mode in which characters are displayed by 
storing character cods in the external RAM and devel- 
oping them into the dot patterns with the internal 
character generator ROM. Both modes can be pro- 
vided for various applications. 


The HD61830B is produced in the CMOS process. 
Thus, the combination with a CMOS microcomputer 
can accomplish a liquid crystal display device with 
lower power dissipation. 





BB PIN ARRANGEMENT 
Features 


¢ Dot matrix liquid crystal graphic display controller 


e Display control capacity 


—Graphic mode........... 512K dots (216 bytes) 
—Character mode ............. 4096 characters o3 
(212 characters) = 
e Internal character generator ROM...... 7360 bits bis nal 
—160 types of 5 x 7 dot character fonts Cli OY) 
—32 types of 5 x 11 dot character fonts “™ 
—‘Total 192 types RES 
(Can be extended to 256 types (4K bytes max.) by : 
external ROM) r/W 
. RS 
e Interfaceable to 8-bit MPU an E 
DB? (21) 


e Display duty (Can be selected by a program) | 
—Static to 1/128 duty selectable DBs [23 


e Various instruction functions 
—sScroll, Cursor ON/OFF/blink, Character blink, Bit 





manipulation 
e Display method ......... selectable A or B types (Top View) 
e Operating frequency.................. 2.4MHz 


e Power supply: Single + 5V 
¢ CMOS process 
e 60-pin flat plastic package 
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MI BLOCK DIAGRAM 


SYNC CLiMA MB FLM CE 


Refresh address Ce] 
counter (1) (RAC,) 


SECTION 
















Dot counter 


i 
: 
















rw 
a 
Pox 8 a : 1g wr) 
ee v (DC) Refresh address o RAM 
uw - os counter (2) (RAC2) a. 
. ord 
DBo~ DB7 a () be we oa 
Y “ 80 Dot regis- Cursor address = 
ts ‘d A AHS ters counter (CAC) 2) MDo~MDz 
E e (DR) 
are ty > Extended 
$4 ° ! 
ES go Line address external 4 
2 counter ROM 1 
“dd Character [ = __J 
fo) — | generator T 
oS ROM (CGROM | 
Cursor | 
signal 4 
amd generator ee 
on RDo~ RD7 
a wow 
9 & & 
ee ™ O vr Multiplexer 
oo ccs On 
3 
uo roe =] 
: i oot Seo 
crac eo eo Parallel/ 
flag eka: serial Di 
BF converter 
Oscillator 
circult Parallel/ 
serial De 


converter 


CLa CR 


* When extended external ROM is used MAO %v MAI] are 
applied to RAM, MA12 ~ MA15 are applied to extended 
external ROM. 
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MM BLOCK FUNCTIONS 
@ Registers 


The HD61830B has the five types of registers: instruction register (IR), 
data input register (DIR), data output register (DOR), dot registers (DR) 


and mode control register (MCR). 


The IR is a 4-bit register which stores the instruction codes for specify- 
ing MCR, DR, a start address register, a cursor address register and so 


on. The lower order 4 bits DBO to DB3 of data buses are written in it. 


The DIR is an 8-bit register used to temporarily store the data written 


into the external RAM, DR, MCR and so on. 


The DOR is an 8—bit register used to temporarily store the data read from 
the external RAM. Cursor address information is written into the cursor 
address counter (CAC) through the DIR. When the memory read instruction 
is set in the IR (latched at the falling edge of E signal), the data of 
external RAM is read to DOR by an internal operation. The data is 
transferred to the MPU by reading the DOR with the next instruction (the 
contents of DOR are output to the data bus when E is at "High" level). 


The DR are registers used to store the dot informations such as character 
pitches and the number of vertical dots and so on. The information sent 


from the MPU is written into the DR via the DIR. 


The MCR is a 6-bit register used to store the data which specifies states 
of display such as display ON/OFF and cursor ON/OFF/blink etc. The 


information sent from the MPU is written in it via the DIR. 


@ Busy Flag (BF) 


With "1", the busy flag indicates the HD61830B is performing an internal 
operation. The next instruction cannot be accepted. As shown in Control 
Instruction (14), the busy flag is output on DB7 under the conditions of 
RS=1, R/W=1 and E=1. Make sure the busy flag is "0" before writing the 


next instruction. 


@ Dot Counters (DC) 


The dot counters are counters that generate liquid crystal display timing 


according to the contents of DR. 
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@ Refresh Address Counters (RAC1/RAC2) 


The refresh address counters are counters used to control the addresses 


SECTION 


of external RAM, character generator ROM (CGROM) and extened external ROM 
having the two types: RAC1 and RAC2. The RAC] is used for upper half of 
screen and the RAC2 for lower half. In the graphic mode, 16-bit data is 


output and used as the address signal of external RAM. In the character 


mode, the high order 4 bits (MA12 ~ MA15) are ignored. The 4 bits of line 





address counter are output instead of it and used as the address of 


extended ROM. 


@ Character Generator ROM 


The character generator ROM has 7360 bits in total and stores 192 types 
of character data. A character code (8 bits) from the external RAM and a 
line code (4 bits) from the line address counter are applied to its 


address signals, and it outputs 5-bit dot data. 


The character font is 5x7 (160 types) or 5x11 (32 types). The use of ex- 
tended ROM allows 8x16 (256 types max.) to be used. 


@ Cursor Address Counter 


The cursor address counter is a 16-bit counter that can be preset by the 
instruction. It is used to hold an address when the data of external RAM 
is read or written (when display dot data or a character code is read or 
written). The value of cursor address counter is automatically increased 
by 1 after the display data is read or written and after the Set/Clear 


Bit instruction is executed. 


@ Cursor Signal Generator 


The cursor can be displayed by the instruction in the character mode. 
The cursor is automatically generated on the display specified by the 


cursor address and cursor position. 


@® Parallel/Serial Conversion 


The parallel data sent from the external RAM, character generator ROM or 
extended ROM is converted into serial data by two parallel/serial con- 
version circuits and transferred to the liquid crystal driver circuits 


for upper screen and lower screen simultaneously. 
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WM TERMINAL FUNCTIONS 


DBOw7 Data bus ... Three-state I/O common terminal 
Data is transferred to MPU through DBO to DB7. 


Chip select ... Selected state with CS=0. 


Read/Write ... R/W=1 ... MPU < HD61830B 








R/W=0 ... MPU > HD61830B 


Register select ... RS=1 ... Instruction register 
RS=0 ... Data register 


Enable ... Data is written at the fall of E. 
Data can be read while E is l. 


R External clock input. 


RES Reset ... RES=0 results in display OFF, slave mode and Hp=6. 





= 





External RAM address output 


In character mode, the line code for external CG is output 
/ 


through MA12 to MAL5 ("0": Character lst line, 
"Fr": Character 16th line). 





MDO7 Display data bus ... Three-state I/O common terminal. 





RDOW7 ROM data input ... Dot data from external character generator 


is input. 





Write enable ... Write signal for external RAM. 


- 





CL2 Display data shift clock for LCD drivers. 





Display data latch signal for LCD drivers. 





Frame signal for display synchronization. 


Signal for converting liquid crystal driving signal into AC, A 
type. 

Signal for converting liquid crystal driving signal into AC, B 
type. | 


Dl, D2 | Display data serial output 









Dl... For upper half of screen 
D2 ... For lower half of screen 







~ 





ioe) 
2 
>) 


Synchronous signal ; for parallel operation. 


Three-state I/O common terminal (with pull-up MOS). 






Master ... Synchronous signal is output. 
Slave .... Synchronous signal is input. 






—~to be continued 
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Function 


Chip enable 


CE 






SECTION 





CE=0 ... Chip enable make external RAM in active. 


Output enable 


1 






OE=1 ... Output enable informs external RAM that HD61830B 
requires data bus. 


Unused terminal. Don't connect any wires to this terminal. 


MM ABSOLUTE MAXIMUM RATINGS 


Supply voltage -0.3 v% +7.0 LW eee 


Terminal voltage -0.3 % Vcct0.3 
Operating temperature -20 ~ +75 =C 


Note 1: All voltage is referred to GND=OV. 





















Note 2: If LSI's are used beyond absolute maximum ratings, they may be 
permanently destroyed. We strongly recommend you to use the 
LSI's within electrical characteristic limits for normal 
operation, because use beyond these conditions will cause 


malfunction and poor reliability. 
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M® ELECTRICAL CHARACTERISTICS 
(Vec=5V+10Z, GND=0V, Ta=-201+75°C) 


ip iG wine GD] vw |_| = [ee 
Input "Low" voltage (TTL) lve | fl 
se ia wives [wm] | 0 |= [we 
Input "High" voltage (CMOS) vnc} 0.7VCC p= | 
Input "Low'' voltage (CMOS) func} if 
Output "Low" voltage (TTL) | Vor |Jo=1-6me | 0 | 
- 
| 










ee 
0 






<j 
OQ 
Q 







Output "High" voltage (CMOS) 


5 
3 


© 
i 


Output "Low" voltage (CMOS)! Vorc | Ip,=0.6mA S| 
Input leakage current tin VIN=0.Vcc =) | =| 


TIN 
Three-state leakage current| Ifo, | VoyT=0.Vcc 
Uw 


Power dissipation P External clock 
fcep=2.4MHz 
1 


Note 


wm fm] pe oO 
Oo 10] ol] ul. 
auuGe 
cir < 
BBEREE 


Es 
a 
i=) 





: Applied to input terminals and I/O common terminals, except 


terminals SYNC, CR and RES. 


Note 2: Applied to input terminals and I/O common terminals, except 


terminals SYNC and CR. 
Note 3: Applied to terminal RES. 
Note 4: Applied to terminals SYNC and CR. 
Note 5: Applied to terminals DBOVDB7, WE, MAOQ\MAL5, OE, CE, and MDO MD7. 
Note 6: Applied to terminals SYNC, FLM, CL1, CL2, Dl, D2, MA and MB. 
Note 7: Applied to input terminals. 


Note 8: Applied to I/O common terminals. However, the current which flows 
into the output drive MOS is excluded. 

Note 9: Applied to SYNC, DBOVDB7, and RDOVRD7. 

Note 10: The current which flows into the input and output circuits is ex- 
cluded. When the input of CMOS is in the intermediate level, 
current flows through the input circuit, resulting in the increase 
of power supply current. To avoid this, input must be fixed at 


high or low. _@HITACHI 
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@ Shape of Input Terminal 


Applicable terminal: CS, E, RS, Applicable terminal: RDO VRD7 
R/W, RES, CR (Without pull-up MOS) (With pull-up MOS) 
Vec Vec Ve Cc 





L 
PMOS PMOS 
(Pull-up MOS) 
| NMOS NMOS 
@ Shape of Output Terminal 
Applicable terminal: CL1, CL2, MA, MB, FLM, Dl, D2, WE, OE, CE, MAQ\MALS 


Vcc 


PMOS 


NMOS 


@ Shape of I/0 Common Terminal 


Applicable terminal: DBOVDB7, SYNC, MDOVMD7 (MDO VMD7 have no pull-up MOS) 


Vec Vec 







PMOS 
(Pull-up MOS){ sf | 


Data 





t 

I 

l 

e e | 

(Input circuit) ! 
| 
l 
J 


i 
1 
t 
| 
I 
| 
i 
Ea 


(Output circuit) 
(Three state) 
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@ Clock Operation 


Syaot [test condition [wins [ayn | wax [inks iors 
External clock operating fo 100 ee oe 
frequency P 


[internal clock rise tine [ trep | (|---| - [3-0[ se] 
[external clock fall tine | trep | | --|- [5.0 [ ae 
[SWC oveput noid vine | tsvo ——*«|-0f- | - | as] 3 
[SHH output delay tine | mse [+t - if - | ao ef 
[sme input noid cine | tases | f= | = oe 

[ameter seem etme fue [| [= 


Note 1: Applied to external clock input terminal. 











— 








© 
No] Bh 












Th Th 
0.7 Vcc 
0.5 Vcc 
: 0.3 Vcc 
Oscillator 
Ss fT d 
trep Ufep Duty Tat Ti x 100% 


Note 2: Applied to SYNC terminal. 


CR 


SYNC 


(Output: 
at master mode) 


SYNC 
(Input :at slave mode) 


Note 3: Testing load circuit. 


Test 9g —_— 
pore CL CL=30pF 


1 (Cj, includes jig capacitance) 
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@ Bus Read/Write Operation (Interface to MPU) | | 


tcyc boy = Om BO) \\) 


tWEH tWEL 
2.2V | | 


lEr les 
tas a F tAH 
2. 2.2V 
CS, R/W, RS 4 b 
0.8V 
DBo~7 ( 2.2V 
0.8V 


oI 





ew” 


(MPU—HD61830B ) 


tDH 


DBo~? 2.4V 


(MPU*-HD61830B ) 0.4V 





to [2° [= [= | 
a Te 
"Low" level twer, Pio er 4 

eas 








Q 








fed 
a 
ie [3 
=e. 
tas [eo | - | 
205 | = 
“hata delay ine | oe f= 
som [10 | = 
[adavess told eine ta | 20 | = 
[Dace told cine —SSSSC*i | = 


Note: The following load circuit is connected for specification: 





Vec 


Test 
R = 11kQ 
C = 130 pF (C includes jig capacitance) 


Diodes Dl to D4: 182074 ® 
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@ Interface to External RAM and ROM 









Test 


Synbet condition 


Min. ax. | unit 


4 
<< 
ie 


Pp. 





— 
w 
Go 


a a 
MAO\MA15 hold time ftuma | sid: | - [ns | 1, 2, 3 
Paice epee |} 
ci ae an ae Se CCR 
ae oe 

WE delay time tpwr ca n 141.3 
Boral 

time (1) ZMDF 


MD output high impedance 
RD data hold time 


MD data set-up time 


MD data hold time 


Note 1: RAM write timing 


3 
i) 


ep, ou eyo ui re 


t 
t 





Camp 


=] 
n 


Yo 
Nn 
7) 7) wn 7) nin nm!) 
bo on 
oe) 


5B 





Ui 


Th Ta Th 





0.7 Vee 


Ts 
a 0.3 Vcc 
tHCE 
CE la 
ee ea: 


{DMA nt | (DMA 
tHMA Nl q| tHMA 
ee CD CS Gn) Gr 

Toor | 1) A toor 
LHOE | {HOE 


a A 2ayv 
o [ | iy 


oe t{ZMDR | fr 
| — peMDE 
MDo~ MD? (High impedance) 24 Valid 2.4V 
(Output ) 0.6V (ave | 0.6V 


tHMDW 


Tl: Memory data refresh timing for upper screen 
T2: Memory data refresh timing for lower screen 


T3: Memory read/write timing 
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Note 2: ROM/RAM read timing 


T1 12 13 Tl SECTION 


“ SI \S\ oe 1 
vas Cd \_ r / Ly ; Ld /, 
an 









0.6V 


{DMA 
LH LHMA cog 
; at 
2.2V Address for 
MAO \MAL5 »{ Address for upper screen MW the lower 
0.6V screen 


tSMD 







MDOMD7 


Ff Data for ’ ’ 
Data for the upper screen Yi the lower 1( (*4) , 
(Input) 0.8V-- A 


A 


i screen 
tsrD tSRD 
lHRD lHRD 
2.2V 
RDOVRD7 ( MeData for the VY . 
Data for the upper screen x ) i ; 
0.8V A P lower screen fl Invalid data r 


(*1) This figure shows the timing in the case of Hp=8. 
In the case of Hp=7, time shown by "b" becomes zero., and 
in the case of Hp=6, time shown by "a" and "b'' becomes zero. 
Therefore, the number of clock pulse during Tl become 4, 3 or 2 
in the case of Hp=8, Hp=7 or Hp=6 respectively. 

(*2) The waveform in the case of instruction with memory read is shown 
with a dash line. In other case, the waveform shown with a solid 


line is generated. 


(*3) When the instruction with RAM read/write is excuted, the value of 


cursor address is output. In other case, invalid data is output. 


(*4) When the instruction with RAM read is excuted, HD61830B latch the 


data at this timing. In other case, this data is invalid. 
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Note 3: Test load circuit 


Vee 
Ry, 
Test i 
point 
Da Ry,=2. 4k 
C 
. ] Ds R =11k0 
ue C =50 pF (C includes jig capacitance) 


Diodes Dl to D4: 182074@ 


@ Data Transfer to Driver LSI 


Test 
Clock cycle time tweL2 el 


Clock pulse width : 
(High level) WCH 


Clock pulse width 
(Low level) 


a 
n 


He] 


=) 
n 
—_— 
~@ 
Wlw] Ww] Wi Wi Ww] wt & | w& 


Data delay time 
Data hold time 


5) 35 
nl wn 
mp Re 
w w 


Clock phase difference (3)|t 


MA, MB delay time tpm 


FLM set-up time 


FLM hold time 
MA hold time 


; 
Src 
ac 
= 
oe ee 

= 


NO 
© 
© 
=) 3 
n ” 
vy vi ~ 


a) 
No 
a 
Ww 





3 

n n 
f 

v7 
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Note l1: | 
tWCL2 
so) of OM BLO] 
0.7Vcc 
—_ tCL {CL2 LCL 
0.7Vcc | 
Cli | | 
LWCH 
0O.7V ‘ 
./Vec 
[DM 
0.7Vcc 
MA, MB l 0.3Vce 
Note 2: 

0.7Vcc 

CLi 0.3Vcc 
tSF LHF 
0.7Vcec 

FLM foes CN 

0.7Vcc 
MA 0.3Vcec 


Note 3: Test load circuit 


Test ; 
point iL ge CL=100pF ( includes jis) 
an capacitance 
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@ Display Control Instructions 


| Display is controlled by writing data into the instruction register and 
! 13 data registers. The RS signal distinguishes the instruction register 
from the data registers. 8-bit data is written into the instruction 
register with RS=1, and the code of data register is specified. After 


that, the 8-bit data is written in the data register and the specified 





instruction is executed with RS=0. 


During the execution of the instruction, no new instruction can be 
accepted. Since the busy flag is set during this, read the busy flag and 


make sure it is 0 before writing the next instruction. 


(1) Mode control 


Code $"00" (hexadecimal) written into the instruction register 


specifies the mode control register. 


< 
= 


Register 


Instruction reg. 


fa 


Mode control reg. 


tO a aimteee 


Graphic/character 
display 


Cursor /blink 


o 
ow 
ee) 
=) 
w 
No 
oO 
wo 
| ed 


i?) 
8 | 


Cursor OFF 


Cursor ON 


Internal 
CG 


Cursor OFF, character blink 
Cursor blink 


Cursor OFF 


Character display 
(Character mode) 






1/0)1/0 Cursor ON 


is eacernal 


Cursor OFF, character blink 


Cursor blink 


7, 
oe 


Graphic mode 


Hitachi America Ltd. ¢ Hitachi Plaza * 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 @ (415) 589-8300 


cursor | © [elo] [o}-lo}n fo 


a 


Ee Te 
Int.CG 





MH 
~™ VY 
UW 
ord 
ep 
oO 
HG 
eS) 


1: Master mode 
O: Slave mode 
-1: Display ON 

0: Display OFF 


ve @ HITACHI 





HD61830B 


Set character pitch 


[ees [ms [rin [os [on [os [To [i 
pusenme te dele eta ie tales is) 


Character pitch reg. 










SECTION 


(Hp-1) binary 


1 





Vp indicates the number of vertical dots per character. The space between 
the vertically-displayed characters is considered for determination. 
This value is meaningful only during character display (in the character 


mode) and becomes invalid in the graphic mode. 


The Hp indicates the number of horizontal dots per character in display, 
including the space between horizontally-displayed characters. In the 
graphic mode, the Hp indicates the number of bits of l-byte display data 
to be displayed. 


There are three Hp values. 


Number-of-characters 
reg. 


Hy indicates the number of horizontal characters in the character mode 





or the number of horizontal bytes in the graphic mode. If the total sum 


of horizontal dots on the screen is taken as n, 
n = Hp x Hy 


Hy can be set with an even number of 2 to 128 (decimal). 
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Set number of time division (inverse of display duty ratio) 


Prarie fof fefofofofe fel | 


Number-of-time shares tae (Nx - 1) binary 
reg. 


Nx indicates the number of time division in multiplex display. 








1/Nx is a display duty ratio. 


A value of 1 to 128 (decimal) can be set to Nx. 


Set cursor position 


Instruction reg. 
Cursor position reg. 


Cp indicates the position in a character where the cursor is displayed in 





the character mode. For example, in 5x7 dot font, the cursor is displayed 
under a character by specifying Cp=8 (decimal). The cursor horizontal 
length is equal to the horizontal character pitch Hp. A value of 1 to 16 
(decimal) can be set to Cp. If a smaller value than the number of 
vertical character pitches Vp is set (Cp<Vp), and a character is over- 
lapped with the cursor, the cursor has higher priority of display (at 
cursor display ON). If Cp is greater than Vp, no cursor is displayed. 


The cursor horizontal length is equal to Hp. 


(6) Set display start low order address 


aeameng Tw 
Display start address po fo (Start low order address) binary 






reg. (low order byte) 





Display start address 
reg. (high order byte) 
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These instructions cause display start addresses to be written in the 
display start address registers. The display start address indicates a 
RAM address at which the data displayed at the top left end on the screen 
is stored. In the graphic mode, the start address is composed of high/ 
low order 16 bits. In the character display, it is composed of the lower 
4 bits of high order address (DB3 ~ DBg) and 8 bits of low order address. 


The upper 4 bits of high order address are ignored. 


(8) Set cursor address (low order) (RAM write low order address) 


eae 14) 


Cursor address counter 
(low order byte) 







(9) Set cursor address (high order) (RAM write high order address) 











Dooonoo 
Cursor address counter F , 
(High order yee) (Cursor high order address) binary 


These instructions cause cursor addresses to be written in the cursor 





address counters. The cursor address indicates an address for sending 
or receiving display data and character codes to or from the RAM. 

Namely, data at address specified by the cursor address are read/written. 
In the character mode, the cursor is displayed at the digit specified by 


the cursor address. 


A cursor address consists of the low-order address (8 bits) and the 
high-order address (8 bits). Satisfy the following requirements. 


When setting the cursor address. 


When you want to rewrite (set) Set the low order address and 
both the low order address and then set the high order address. 
the high order address. 


When you want to rewrite only Don't fail to set the high 


the low order address. order address again after 


setting the low order address. 


When you want to rewrite only Set the high order address. 
the high order address. You don't have to set the low 


order address again. 
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The cursor address counter is a 16 bit up-counter with SET and RESET 
functions. When the bit N changes from 1 to 0, the bit N+l is added by 
1. When setting the low order address, the LSB (bit 1) of the high order 
address is added by 1 if the MSB (bit 8) of the low order address changes 
from 1 to 0. Therefore, set both the low order address and the high 


order address as shown in above table. 


(10) Write display data 





fefofofotrtijeja 


ee MSB (pattern data, character code) LSB 






After the code $'0C' is written into the instruction register with RS=1, 





8 bit data with RS=O0 should be written into the data register. This 
data is transferred to the RAM specified by the cursor address as display 
data or character code. The cursor address is increased by 1 after this 


operation. 


(11) Read display data 


| Register =| R/W Rs | DB? pB6 | DBS | pB4 | DB3 | DB2 | DBI | DBO 
we OOo 






pe Po! MSB (pattern data, character code) LSB 


Data can be read from the RAM with RS=0 after writing code $'OD” into the 


instruction register. The read procedure is as follows: 


reece cee ers amniesttaeneasoo nena anion 
tod WLLL EPL Lr. 


mee eee er Fm rng 


Busy | Cursor | Cursor ‘Busy {Cursor |Cursor | Busy Data Dummy | Busy |N Busy N+1 
check | address] low check | address} high check read read check }| address] check address 
set order set order mode data data 
mode address mode address read read 

write write 


sites ee 


Data 
output N address data] . oi address N+2 +. 
register | a 
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This instruction outputs the contents of data output register on Data 
Bus (DBO to DB7) and then transfers RAM data specified by a cursor 
address to the data output register, also increasing the cursor address 
by 1. After setting the cursor address, correct data is not output at 
the first read but at the second time. Thus, make one dummy read when 


reading data after setting the cursor address. 


(12) Clear bit 








| mstruction rege | 0 | 1 


(13) Set bit 


Instruction reg. 
Bit set reg. 


The Clear/Set Bit instruction sets 1 bit in a byte of display data RAM 

















to 0 or 1, respectively. The position of the bit in a byte is specified 
by Ng and RAM address is specified by cursor address. After the execution 
of the instruction, the cursor address is automatically increased by 1. 

Np is a value of 1 to 8. Np=1 and Np=8 indicates LSB and MSB, respec- 


tively. 


(14) Read busy flag 


When the read mode is set with RS=1, the busy flag is output to DB/7. 










The busy flag is set to 1 during the execution of any of instructions 
(1) to (13). After the execution, it is set to 0. The next instruction 
can be accepted. No instruction can be accepted when busy flag=1. 
Before executing an instruction or writing data, perform a busy flag 
check to make sure the busy flag is 0. When data is written in the 
register (RS=1), busy flag doesn't change. Thus, no busy flag check is 
required just after the write operation into the instruction register 


with RS=1. 


The busy flag can be read without specifying any instruction register. 
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ee eee ) 


COOOUODO0O000 





NX 


NN 





HN 
(digit) 
ee 


orizontal character r racter pitch 
H ta Lateral chara p 6 eee aes 
Pitch 


Number of horizontal | Number of lateral characters per |2 to 128 
characters line (number of digits) in the digits 
character mode or number of bytes| (an even 


‘per line in the graphic mode. number ) 


Vertical character Longitudinal character pitch 1 to 16 
pitch dots 
Cursor position Line number on which the cursor 1 to 16 
can be displayed 3 lines 
Number of time Inverse of display duty ratio 1 to 128 
division lines 


Note: if the number of vertical dots on screen is taken as m, and the 





number of horizontal dots as n, 


1/m = 1/Nx = display duty ratio 
n = Hp x Hy, m/Vp = Number of display lines 
Cp = Vp 
a8 @ HITACHI 
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Liquid crystal 
display panel 


Display data 
from MPU 





Display mode 







Hp 








bz bs bs ba b3 bz bi bo 
















Character code 
(8 bits) 


Character 
display 


Start a ee 


address 







Hp: 6, 7 or 8 dots 


bo b7 Hp 













bs be bs bz bi bo 





Display pattern 


(8 bits) san 6 


Graphic 





8 dots!8 dots 





address 


” 
m 
O 
= 
O 
z 








apoy Ae|dsiq @ 


qGOesltyadH 
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@ Internal Character Generator Patterns and Character Codes 


Higher 
4 bit 


jeeon | Teeth Al Sal al ee LPT) a) cy 
json OT [let bee bellied Tot EL ee 
ooo RRL SL lee Sg ETE) Son 
Bede SES en ahs Aa ore 
roo [i nie Les] Lal s APL 
vse Rell ADE aE ee 
fewer TY | gab SH bal FP a] 
jew 6 Healing alba og PEE PT 
proves LATEALE Tl g Pele TL the 

pares (See ein coon UC en ac ee OE 
fev PARLE] ele ale! 
room RLS TLE TA [op SETI 

ec ee ee 
pool FTL TEL LTE tel STFS 
By SES Ge eS 
poole LAIN TEED Py 
oon CATT Tela lee TET? [es 
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MM APPLICATION (CHARACTER MODE, EXTERNAL CG, CHARACTER FONT 8x8) 
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SECTION 


RAM(2) 
HM6116 


I 





Ao~As Aa~ An 
RDo Do 
§ 


ROM OE T] 


HN482732A CE 
o tae ee ee 
FEM ee 5 
Open «Sync mE a ea et ee ee we 
Pp SYNC Cli Cli 


CL2 
D: 
external CR +5V 


on —————J ius 


2) 
ay 


Vec RES D: 


LCD Module 
LM — 200 
MA Open 


-5V 


Vo 


+5V 
GND 
—5V 


MB APPLICATION (GRAPHIC MODE) 
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HD6303 
MPU Controller 





HD61100A 


Power supply for 
liquid crystal 
display drive 








MEXAMPLE OF CONFIGURATION 


@Character Mode (1) (Internal 
Character Generator) 


Liquid crystal 
display module 


@Graphi c Mode 
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@Character Mode (2) (External Character Generator) 







@Parallel Operation 


(Master) 


Liquid crystal] Liquid crystal 
sage © vara display module 
2 


Driving both of two 
module by same 
common signal 






SYNC 
HD61830B(2) 





Comparison Chart 
The Difference Between HD61830 and HD61830B 


The following is the difference between HD61830 and HD61830B 


No. 
1 


502 


Difference HD61830 HD61830B 

Display capacity 64 x 480 dot max. at one chip 200 x 320 dot max. at one chip 

@ a chip fep 1.1 MHz max. fep 2.4 MHz max. 

Oscillator Internal clock or external clock External clock only 

Signal HD61830 HD61830B 
Display RAM Display RAM 


Memory data setup 
timing 


Timing of SYNC 





Reset (RES) function Up on reset (RES is Low) 
1. Display OFF mode 


2. HP-6 (Horizontal character pich6) 


3. Internal Busy Flag is reset 
4. Slavemode 


Up on reset (RES is Low) 

. Display OFF mode 

. HP-6 (Horizontal character pich6) 
. Internal Busy Flag is reset 

. Slavemode 


. Timing clock for internal CGROM is 
inhibited while RES is low. 


of WN = 
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HD63645/HD64645 
LCD Timing Controller (LCTC) 


Pin Arrangement 


Description 


‘The HD63645/HD64645 LCTC is a control LSI 

for iaigeé size dot matrix liquid crystal dis- 
plays. The LCTC is software compatible with 
the HD6845 CRTC, since its programming 
method of internal registers and memory 
addresses is based on the CRTC. A display 
system can be easily converted from a CRT to 
an LCD. 


The LCTC offers a variety of functions and 
performance features such as vertical and 
horizontal scrolling, and various types of 
character attribute functions such as reverse 
video, blinking, nondisplay (white or black), 
and an OR function for simple superimposi- 
tion of character and graphic displays. The 
LCTC also provides DRAM refresh address 
output. 


A compact LCD system with a large screen 
can be configured by connecting the LCTC 
with the HD61104 (column driver) and the 
HD61105 (common driver) by utilizing 4-bit x 
2 data outputs. Power dissipation has been 
lowered by adopting the CMOS process. 





( 


Features 

@ Software compatible with the HD6845 @ 
CRTC 

@ Programmable screen size: 
—Up to 1024 dots (height) 
—Up to 4096 dots (width) e 

-® High-speed data transfer: @ 

—Up to 20 Mbits/sec in character mode 
—Up to 40 Mbits/sec in graphic mode ® 

@ Selectable single or dual screen configu- 

' ration 

@ Programmable multiplexing duty ratio: @ 
static to 1/512 duty cycle 

@ ‘Programmable character font: @ 
—1-32 dots (height) @ 
—8 dots (width) @ 

@ Versatile character attributes: reverse 
video, blinking, nondisplay (white) , 
nondisplay (black) 

@ OR function: superimposing characters 
and graphics display 

@ Cursor with programmable height, blink 
rate, display position, and on/off switch 

@® Vertical smooth scrolling and horizontal 
scrolling by the character 

@ HITACHI 
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Versatile display modes programmable 
by mode register or external pins: dis- 
play on/off, graphic or character, normal 
or wide, attributes, and blink enable 
Refresh address output for dynamic RAM 
4- or 8-bit parallel data transfer between 
LCTC and LCD driver 

Recommended LCD driver: HD61104 
(column) and HD61105 (common), 
HD66106 

CPU interface: 68 family (HD63645), 

80 family (HD64645) 


CMOS process 


Single +5 V +10% 
80-pin plastic OFP (FP-80) 
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Ordering Information 


Type No. Bus Timing Bus Interface Package 


HD63645 2 MHz 68 System 80-pin Plastic QFP (FP-80) 
HD64645 4MHz © 80 System 80-pin Plastic QFP (FP-80) 
HD64646 4MHz 80 System 80-pin Plastic QFP (FP-80A) 


Note: See HD64646 data sheet is this data book. 


Pin Description 


Symbol Pin Number Name 1/O 
Vec1, Vec2 17, 32 ~Vec = 
GND1, GND2 37, 59 Ground — 
LUO-LU3 22-25 LCD Up Panel Data 0-3 O 
LDO-LD3 18-21 _ LCD Down Panel Data 0-3 O 
CL1 28 Clock One O 
CL2 29 Clock Two O 
FLM 27 First Line Marker O 
M 26 M O 
MAO-MA15 65-80 Memory Address 0-15 O 
RAO-RA4 60-64 Raster Address 0-4 O 
MDO-MD7 1-8 Memory Data 0-7 | 
MD8-MD15 9-16 Memory Data 8-15 | 
DBo-DB7 43-50 Data Bus 0-7 1/O 
cS 39 Chip Select | 
E 41 Enable (HD63645 Only) | 
R/W 42 | Read/Write (HD63645 Only) | 
WR 41 | Write (HD64645 Only) | 
RD 42 Read (HD64645 Only) | 
RS 40 | Register Select | 
RES 38 Reset | 
DCLK 33 D Clock | 
MCLK | 34 M Clock O 
DISPTMG 35 | Display Timing O 
CUDISP 36 Cursor Display O 
SKO 30 Skew 0 | 
SK1 31 Skew 1 | 
ON/OFF «63 On/Off | 
BLE 51 Blink Enable | 
AT 57 Attribute | | 
G/C | 58 7 Graphic/Character | 
WIDE 54 Wide | 
LS | 56 Large Screen | 
D/S : 55 Dual/Single | 
MODE 52 Mode | 
© HITACHI 
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Pin Functions 
Power Supply (Vccl, 2, GND) 


Power Supply Pin (+5 V): Connect V,<<1 
and Vec2 with +5 V power supply circuit. 


Ground Pin (OV): Connect GND1 and 


GND2 with 0 V. 
LCD Interface 


LCD Up Panel Data (LUO-LU3), LCD 
Down Panel Data (LDO-LD3): LUO-LU3 
and LDO-LD3 output LCD data as shown in 
table 1. 


Clock One (CL1): CL1 supplies timing clocks 
for display data latch. 


Clock Two (CL2): CL2 supplies timing clock 
for display data shift. 


First Line Marker (FLM): FLM supplies 
first line marker. 


M (M): M converts liquid crystal drive output 
to AC. 


Memory Interface 


Memory Address (MAO-MA15): MAO- 
MAi15 supply the display memory address. 


Raster Address (RAO-RA4): RAO-RA4 
supply the raster address. 


Memory Data (MDO-MD7): MDO-MD7 
receive the character dot data and bit- 
mapped data. 


Memory Data (MD8-MD15): MD8-MD15 
receive attribute code data and bit-mapped 
data. 


MPU Interface 
Data Bus (DBO-DB7): DBO-DB7 send/ 


receive data as a three-state I/O common 
bus. 


“se 
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Chip Select (CS): CS selects a chip. Low 
level enables MPU read/write of the LCTC 
internal registers. 


Enable (E): E receives an enable clock. 


{TIMACYAALT A~1-7)\ 
(HD63 402 OT1uy). 


Read/Write (R/W): R/W enables MPU read 
of the LCTC internal registers when R/W is 
high, and MPU write when low. (HD63634F 
only). 


Write (WR): WR receives MPU write signal. 
(HD64645F Only) 


Read (RD): RD receives MPU read signal. 
(HD64645F Only) 


Register Select (RS): RS selects registers. 
(Refer to table 5.) 


Reset (RES): RES performs external reset of 
the LCTC. Low level of RES stops and zero- 
clears the LCTC internal counter. No register 
contents are affected. 


Timing Signal 


D Clock (DCLK): DCLK inputs the system 
clock. 


M Clock (MCLK): MCLK indicates memory 
cycle ; DCLK is divided by four. 


Display Timing (DISPTMG): DISPTMG 
high indicates that the LCTC is reading dis- 
play data. 


Cursor Display (CUDISP): CUDISP sup- 
plies cursor display timing; connect with 
MD12 in character mode. 


Skew 0 (SKO)/Skew 1 (SK1): SKO and SKi 
control skew timing. Refer to table 2. 


Mode Select 


The mode select pins ON/OFF, BLE, AT, G/C, 


Table 1. LCD Up Panel Data and LCD Down Panel Data 


Single Screen 


Pin name 4-Bit Data 
LUO-LU3 Data output 
LDO-LD3 Disconnected 


8-Bit Data 


Data output 
Data output 
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Dual Screen 


Data output for upper screen 
Data output for lower screen 
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and WIDE are ORed with the mode register 
(R22) to determine the mode. 


On/Off (ON/OFF): ON/OFF switches dis- 
play on and off. (High = display on). 


Blink Enable (BLE): BLE high level enables 
attribute code “blinking” (MD13) and pro- 
vides normal/blank blinking of specified 
characters for 32 frames each. 


Attribute (AT): AT controls character 
attribute functions. 


Graphic/Character (G/C): G/C switches 
between graphic and character display mode 
(graphic display when high). 


Wide (WIDE): WIDE switches between 


Table 2. Skew Signals 


SKO SK1 Skew Function 

@) 0 No skew 

1 O 1-character time skew 
0 = 2-character time skew 
1 1 Inhibited combination 
506 


normal and wide display mode (high = wide 
display, low = normal display). 


Large Screen (LS): LS controls a large 
screen. LS high provides a data transfer rate 
of 40 Mbits/s for a graphic display. Also used 
to specify 8-bit LCD interface mode. For more 
details, refer to page 26. 


Dual/Single (D/S): D/S switches between 
single and dual screen display (dual screen 
display when high). 


Mode (MODE): MODE controls easy mode. 
MODE high sets duty ratio, maximum num- 
ber of rasters, cursor start/end rasters, etc. 
(Refer to table 9.) 
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Function Overview 


LCD and CRT Display Systems Main Features of HD63645F /HD64645F 
SECTION 
Figure 1 shows a system using both LCD and Main features of the LCTC are: 
CRT displays. High-resolution liquid crystal display 
screen control (up to 720 x 512 dots) 1 
Software compatible with HD6845 


(CRTC) 
Built-in character attribute control circuit 





Table 3 shows how the LCTC can be used. 


Table 3. Functions, Application, and Configuration 


Classification Item Description 
Functions Screen Format Programmable horizontal scanning cycle by the character clock 
period 


Programmable multiplexing duty ratio from static up to 1/512 
Programmable number of displayed characters per character row 
Programmable number of rasters per character row (number of 
vertical dots within a character row + space between character 


Cursor Control Programmable cursor display position, corresponding to RAM 
address 
Programmable cursor height by setting display start/end rasters 
Programmable blink rate, 1/32 or 1/64 frame rate 


Memory Time for rewriting memory set either by specifying number of 
Rewriting horizontal total characters or by cycle steal utilizing MCLK 
Memory 16-bit memory address output, up to 64 kbytes x 2 memory acces- 
Addressing sible 

DRAM refresh address output 
Paging and Paging by updating start address 
Scrolling Horizontal scrolling by the character, by setting horizontal virtual 


screen width 
Vertical smooth scrolling by updating display start raster 


Character Attributes Reverse video, blinking, nondisplay (white or black) character 
attributes 
Application CRTC Compatible Facilitates system replacement of CRT display with LCD. 
OR Function Enables superimposing display of character screen and graphic 
screen 
Configuration LCTC Single 5 V power supply 
Configuration 1/O TTL compatible except RES, MODE, SKO, SK1 


Bus connectable with HMCS 6800 family (HD63645) 
Bus connectable with 80 family (HD64645) 

CMOS process 

Internal logic fully static 

80-pin flat plastic package 
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Liquid crystal 
display CRT 
(monochrome) 


LCD display signals 
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Figure 1. LCD and CRT Displays 
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Internal Block Diagram 


Figure 2 is a block diagram of the LCTC. 


SECTION . 
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Figure 2. LCTC Block Diagram 
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System Block Configuration 
Examples 
Figure 3 is a block diagram of a character/ 


graphic display system. Figure 5 shows two 
examples using LCD drivers. 
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Mode select 


Display On/off 
Blink enable 


~ Control signal bus 
‘Address bus 


w 
a} 
Ke} 
£ 
© 
a 


LCD 
Module 


Char./Graph. 





Figure 3. Character/Graphic Display System Example 
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Interface to MPU 


SECTION 


P10—P17 






I 


Decoder 





SC2 (R/W) 
HD6301 
MPU 


HD63645 


RESET 


Note: HD6301 is set in mode 5. P10—P17 are used as output ports, and 
P30—P37 as data buses. SC2 outputs R/W here. 


(1) Interface between HD6301 and HD63645 


HD64180 HD64645 


MPU eta LCTC 





RESET 


Note: Concerning 80 family MPU’s, I/O space is separate from memory 
space in software. Thus the LCTC, a part of I/O, needs the ANDed 
signals of the interface signals and IOE. So JOE and RD, and [OE 
and WR should be ORed to satisfy tas, the timing of CS, RD, 
and WR. . 


(2) Interface between HD64180 and HD64645 


Figure 4. Interface to MPU 
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Dual screen 
Gears ioe 


¢ HD61104 ¢ HD61104 
(1) (2) 
/ . . _—- 





S. 


HD61105 
ay REY 


HD61105 
(5) 


LCD panel 400 x 640 dots 


LCD panel 200 x 640 dots 


1/200 duty ratio 





sft Sed 
Figure 5. LCD Driver Examples 
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Registers 


Table 5 shows the register mapping. Table 5 differences between CRTC and LCTC regis- 
describes the in function. Table 6 shows the ters. oy = OU TO) \" 





Table 4. Registers Mapping 





Address 
Register Reg. Data Bit 
RS 43210 No. Register Name Program Unit SymbolR/W 7 6 5 4 3 2 1 0 


————— Invalid = 
ae Address Register = 
Horizontal Total Characters Character? 
Horizontal Displayed CharactersCharacter Nhd 
Maximum Raster Address Raster Nr 
R10 Cursor Start Raster Raster4 Nes 
R11 Cursor End Raster Raster Nce 
R12 Start Address (H) Memory Address — 
R13 Start Address (L) Memory Address — 
R14 Cursor Address (H) Memory Address — 
R15 Cursor Address (L) Memory Address — 
R18 Horizontal Virtual Screen WidthCharacter Nir 
R19 Multiplexing Duty Ratio (H) — Raster3 Ndh 


R20 Multiplexing Duty Ratio (L) Raster? Ndl oe 

R21 Display Start Raster Raster Nsr oe 

R22 Mode Register —Note5 = 1 ON/ | G/C |WIDE] BLE | AT 
| OFF 





SSSSS VPRO RBRBSSSSSE! 
2222 


Notes: 1. Invalid data bits 
2. R/W indicates whether write access or read access is enabled to/from each register. 
W: — Only write accessible 
R/W : Both read and write accessible 
3. The “value to be specified less 1” should be programmed in these registers (RO, R1) and 
R20). 
4. Data bits 5 and 6 of cursor start register control the cursor status as shown below. 
(For more details, refer to page 27). 





B P Cursor Blink Mode 

0 O Cursor on; without blinking 
0 1 Cursor off 

1 6) Blinking once every 32 frames 
1 1 Blinking once every 64 frames 


5. The OR of mode pin status and mode register data determines the mode. 
6. Registers R2-R8, R16, and R17 are not assigned for the LCTC. Programming to these 
registers, will be ignored. 
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Table 5. Internal Register Description 
Reg. 

No. Register Name Size (Bits) 
AR Address Register 5 
RO Horizontal Total Characters 8 

R1 Horizontal Displayed Characters 8 
RQ Maximum Raster Address 5 
R10 Cursor Start Raster 5+2 
R11 Cursor End Raster 5 
R12 Start Address (H) 16 
R13 Start Address (L) 

R14 Cursor Address (H) 16 
R15 Cursor Address (L) | 
R18 Horizontal Virtual Screen Width 8 
R19 Multiplexing Duty Ratio (H) 9 
R20 Multiplexing Duty Ratio (L) 

R21 Display Start Raster 5 
R22 Mode Register 5 


Description 


‘Specifies the internal control registers (RO, R1, 
R9-R15, R18-R22) address to be accessed 
Specifies the horizontal scanning period 

Specifies the number of displayed characters per 
character row 

Specifies the number of rasters per character row, 
including the space between character rows 
Specifies the cursor start raster address and its 
blink mode 

Specifies the cursor end raster address 

Specify the display start address 


Specify the cursor display address 


Specifies the length of one row in memory space 
for horizontal scrolling 
Specify the number of rasters for one screen 

x 
Specifies the display start raster within a character 
row for smooth scrolling 
Controls the display mode 


*For more details of registers, refer to “Internal Registers”. 
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Table 6. Internal Register Comparison between LCTC and CRTC 





Reg. ! 
No. LCTC HD63645/HD64645 Comparison CRTC HD6845 SECTION 
AR Address Register Equivalent to CRTC Address Register 

RO Horizontal Total Characters Horizontal Total Characters 1 
14 Horizontal Displayed Characters Horizonta! Displayed Characters | 

R2 Particular to CRTC ; Horizontal Sync Position 

R3 unnecessary for LCTC Sync Width 

R4 Vertical Total Characters 

R5 Vertical Total Adjust 

R6 Vertical Displayed Characters 

R7 Vertical Sync Position 

R8 Interlace and Skew 

RQ Maximum Raster Address Equivalent to CRTC Maximum Raster Address 

R10 Cursor Start Raster | Cursor Start Raster 

R11 Cursor End Raster Cursor End Raster 

R12 Start Address (H) Start Address (H) 

R13 Start Address (L) Start Address (L) 

R14 Cursor Address (H) Cursor (H) 

R15 Cursor Address (L) ~ Cursor (L) 

R16 Particular to CRTC ; Light Pen (H) 

R17 unnecessary for LCTC Light Pen (L) 


R18 Horizontal Virtual Screen Width Additional registers for LCTC 
R19 Multiplexing Duty Ratio (H) 

R20 Multiplexing Duty Ratio (L) 

R21 Display Start Raster 

R22 Mode Register 
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Functional Description 


Programmable Screen Format display screen and registers. Figure 7 shows a 
timing chart of signals output from the LCTC 


Figure 6 illustrates the relation between LCD in mode 5 as an example. 


Horizontal Total Characters (RO) 


(R21) 


Start Horizontal Displayed Chars. (R1) 
Raster 


Start Address (R12) 


Display Period CPU 
Memory Write Time 


Horizontal 


38 
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(1 Character) 





Figure 6. Relation between Display Screen and Registers 
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Figure 7. LCTC Timing Chart (In Mode5: Single Screen, 4-Bit Transfer, Normal 
Character Display) 
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Cursor Control 

The following cursor functions (figure 8) can 
be controlled by programming specific regis- 
ters. 


Cursor display position 





Cursor height 
Cursor blink mode 


A cursor can be displayed only in character 
mode. Also, CUDISP pin must be connected to 
MD12 pin to display a cursor. 


Cursor 


Start Rastet 


Cursor 
End Raster 


Figure 8. Cursor Display 
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Character Mode and Graphic Mode 


The LCTC supports two types of display 
modes; character mode and graphic mode. 
Graphic mode 2 is provided to utilize soft- 
ware for system using the CRTC (HD6845). 


The display mode is controlled by an OR 
between the mode select pins (D/S, G/C, LS, 
WIDE, AT) and mode register (R22). 


Character Mode : Character mode displays 
characters by using CG-ROM. The display 
data supplied from memory is accessed in 8- 
bit units. A variety of character attribute 
functions are provided, such as reverse video, 
blinking, nondisplay (white or black), etc., by 
storing the attribute data in attribute RAM 
(A-RAM). 


Figure 9 illustrates the relation between 
character display screen and memory con- 


Reverse 
Video Blinking 


ame 
i a aa 
22 


"| 
ae 
Be 
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tents. 


Graphic Mode1: Graphic Mode1 directly 
displays data stored in a graphic memory 
buffer. The display data supplied from mem- 
ory is accessed in 16-bit units. Character 
attribute functions or wide mode are not 
provided. Figure 10 illustrates the relation 
between graphic display screen and memory 
contents. 


Graphic Mode2: Graphic mode 2 utilizes 
software for the system using the CRTC 
(HD6845). The display data supplied from 
memory is accessed in 16-bit units. Character 
attribute functions or wide mode are not 
provided. The same memory addresses are 
output repeatedly a number of times speci- 
fied by maximum raster register (RQ). The 
raster address is output in the same way as 
character mode. 


Start 


address Reverse Video 


Blinking 


Figure 9. Relation between Character Screen and Memory Contents 
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Horizontal Virtual Screen Width 
Horizontal virtual screen width can be speci- 
.fied by the character in addition to the num- 
ber of horizontal displayed characters (figure 
11). 


The display screen can be scrolled in any 


a 88 8a 
2nd Line——[ rt ". | 


pee 


direction by the character, by setting the 
horizontal virtual screen width and updating 
the start address. This function is enabled by 
programming the horizontal virtual screen 
width register (R18). 


Figure 12 shows an example. 


[-vram | ARAM 
8-bit |. 8-dit. 





Display Screen 





Figure 10. Relation between Graphic Screen and Memory Contents 


Display 
Screen 


Horizontal 
displayed 
characters (R1) 


Horizontal virtual screen width(R18) 





Figure 11. Horizontal Virtual Screen Width 
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Example: 
R18 (Horizontal Virtual Screen Width) = 10 


R1 (Horizontal Displayed Characters) = 5 





Displayed Area 





Performing horizontal 


scroll by updating 
the start address 
*Q’ to *4’ 








Figure 12. Example of Horizontal Scroll by Setting Horizontal Virtual Screen Width 
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Smooth Scroll 


Vertical smooth scrolling (figure 13) is per- 
formed by updating the display start raster, 
as specified by the start raster register (R21). 
This function is offered only in character 
mode. 


Raster 
Address 


Wide Display 


The character to be displayed can be doubled 
in width, by supplying the same data twice 
(figure 14). This function is offered only in 
character mode, and controlled either by bit 2 
of the mode register (R22) or by the WIDE 
pin. 


Dispiay start raster address 


(R21) =0 (R21) =1 (R21) =2 





Figure 13. Example of Smooth Scroll by Setting Display Start Raster Address 


12345 67 8 | 11223 3445 566778 8 


WIDE =Low WIDE = High 





Figure 14. Example of Wide Display 
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Attribute Functions The attribute functions are offered only in 
character mode, and controlled either by bit 0 
A variety of character attribute functions of the mode register (R22) or the AT pin. As 
such as reverse video, blinking, nondisplay shown in figure 15, a character attribute can SJ stou ale) 
(white) or nondisplay (black) can be im- be specified by placing the character code on 
plemented by storing the attribute data in A- MDO-MD7, and the attribute code on MD11- 
RAM (attribute RAM). Figure15 shows a MD15. MD8-MD10 are invalid. 
display example using each attribute func- 
tion. 









A HF |. 
Alo | | ° A 





4. Cursor 


AS 


5. Reverse Video 






Figure 15. Display Example Using Attribute Functions 


[won| 1s [14 [8 [i ] 1 | 08 


NOM von Reverse 
Function | display | display | Blinking | Cursor Character Code 
: video 
(black) | (white) 


*: Invalid 





Figure 16. Attribute Code 
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OR Function—Superimposing Charac- 
ters and Graphics 


The OR function (figure 17) generates the OR 
of the data entered into MDO-MD7 (e.g. 
character data) and the data into MD8-MD15 
(e.g. graphic data) in the LCTC and transfers 


Graphic data 
(Character data) 


a ee ee ee en” tae 
MD15 MD14--~-- MDS MD8 MD7 
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this data as 1 byte. 


This function is offered only in character 
mode, and controlled by bitO of the mode 
register (R22) or by the AT pin. Any attribute 
functions are disabled when using the OR 
function. | | 


Character data 
(Graphic data). 


MD6 ---- MDi MDO 


Figure 17. OR Function 
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DRAM Refresh Address Output Function 


The LCTC outputs the address for DRAM 
refresh while CL1 is high, as shown in figure 
18. The 16 refresh addresses per scanned line 
are output 16 times, from $00-$FF. 


Skew Function 
The LCTC can specify the skew (delay) for 
CUDISP, DISPTMG, CL2 outputs and MD 


inputs. 


If buffer memory and character generator 
ROM cannot be accessed within one hori- 


Table 7. Skew Function 


SKO SK1 Skew Function 

0) O No skew 

1 O 1 character time skew 
O 1 2 character time skew 
1 1 Inhibited combination 
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zontal character display period, the access is 
retarded to the next cycle by inserting a latch 
to memory address output and buffer mem- 
ory output. The skew function retards the 
CUDISP, DISPTMG, CL2 outputs, and MD 
inputs in the LCTC to match phase with the 
display data signal. 

By utilizing this 
ory can be used as a buffer RAM or a charac- 
ter generator ROM. 


unction. a low-speed mem- 
=e eS y x 


This function is controlled by pins SKO and 
SK1 as shown in table 7. 


DISPTMG | 
CL1 | | 


Display 
Memory 
Address 





DRAM Refresh 
Address 


Display 
‘Memory 


Address 


Figure 18. DRAM Refresh Address Output 
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Easy Mode 


This mode utilizes software for systems using 
the CRTC (HD6845). By setting MODE pin to 
high, the display mode and screen format are 
fixed as shown in table 8. With this mode, 
software for a CRT screen can be utilized ina 
system using the LCTC, without changing 
the BIOS. 


Automatic Correction of Down Panel 
Paster Address 


When the LCTC mode is set for character 
display and dual screen, memory addresses 
(MA) and raster addresses (RA) are output in 
such a way as to keep continuity of display 
spreading over the two panels. Therefore 
users can use the LCTC without considering 
the multiplexing duty ratio (the number of 
vertical dots of a screen) or the character font. 
(See figure 19.) 





Table 8. Fixed Values in Easy Mode 


Reg. No. Register Name 

RQ Maximum raster address 

R10 Cursor start raster 

R11 Cursor end raster 

R18 Horizontal virtual screen width 
R19 Multiplexing duty ratio (H) 
R20 Multiplexing duty ratio (L) 
R21 Display start raster 

R22 Mode register 


Up panel 


----ARG Meats 


Down panel 


Fixed Value (decimal) 


7 

6 

7 

Same value as (R1) 

99 (in dual screen mode) 
199 (in single screen mode) 
0 

0 


Characters keep continuity in spite of 
the break of a screen. 





_ Figure 19. Example of the Display in the Character Mode 
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System Configuration and Mode 
Setting 


LCD System Configuration 


The screen configuration, single or dual, must 
be specified when using the LCD system 
(figure 20). 


Using the single screen configuration, you 
can construct an LCD system with lower cost 
than a dual screen system, since the required 
number of column driversis smaller and the 
manufacturing process for mounting them is 
simpler. However, there are some limitations, 
such as duty ratio, breakdown voltage of a 
driver, and display quality of the liquid crys- 
tal, in single screen configuration. Thus, a 
dual screen configuration may be more suit- 
able to an application. 


The LCTC also offers an 8-bit LCD data 
transfer function to support an LCD screen 
with a smaller interval of signal input termi- 
nals. For a general size LCD screen, such as 
640 x 200 single, or 640 x 400 dual, the usual 
4-bit LCD data transfer is satisfactory. 


ommon Driver 


Column Driver 


(a) Single screen 
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Hardware Configuration and Mode Set- 
ting 


The LCTC supports the following hardware 
configurations : 


Single or dual screen configuration 
4-or 8-bit LCD data transfer 


and the following screen format: 


Character, graphic 1, or graphic 2 display 
Normal or wide display (only in character 
mode) 
OR or attribute display (only in character 
mode) 


Also, the LCTC supports up to 40 Mbits/s of 
large screeen mode (modei3) for large 
screen display. This mode is provided only in 
graphic 1 mode. 

Table 9 shows the mode selection method 
according to hardware configuration and 


screen format. Table 10 shows how they are 
specified. 


Column Driver (Upper panel) 


LCD Upper Panel 


LCD Lower Panel 


Column Driver (Lower panel) | 


(b) Dual screen 


Common Driver 


Figure 20. Hardware Configuration According to Screen Format 
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Table 9. Mode Selection 








Hardware Configuration Screen Format 
Screen | Maximum 
LCD Data Configu- Screen Character/ Normal/ Attribute/ data transfer 
Transfer ration ‘Size Graphic Wide OR - speed(MBPS) Mode No. 
4-bit Single Normal Character Normal AT 20 5 
OR 
Wide AT 10 6 
OR oe 
Graphic 1 20 7 
Graphic 2 | 20 8 
Dual Normal Character Normal AT | 20. 1 
OR . 
Wide AT 10 2 
OR 
Graphic 1 — 20 3 
Graphic 2 20 4 
| Large Graphic 1 40 13 
8-bit Single Normal Character Normal AT 20 9 
OR 
Wide AT 10 10 
OR 


Graphic 1 20 41 
Graphic 2 20 12 


Note :Maximum data transfer speed indicates amount of the data read out of a memory. Thus, the data 
transfer speed sent to the LCD driver in wide function is 20 Mbps. 
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Mode List 
Table 10. Mode List 
S} = ON ETO) 
Pin Name Screen Graphic/ Data Wide 
No. Mode Name D/S G/C LS WIDEAT _Confg. Character _— Transfer Display Attribute 
1 Dual-screen 10 0 0 0 Dual Character 4-bit Normal OR 
character 100061 screen x 2 AT 
2 Dual-screen 1 0 0 1 0 Wide OR 
wide character 1001 1 ace ees 
3  Dual-screen graphic 1 10 0 1 Graphic 
1 
4 )Dual-screen graphic 1 1 0 0 0 7 7 
2 
5  Single-screen 0 0 0 0 0 Single Character 4-bit Normal OR 
character 00001 screen AT 
6 Single-screen 000 1 0 Wide OR 
wide character 0001 1 AT 
7 ~~ Single-screen Oo 1 0 0 1 Graphic 
graphic 1 
8 Single-screen Oo 10 0 0 
graphic 2 
9 8-bit character 0 0 1 0 0 Character 8-bit Normal OR 
001 0 1 AT 
10 8-bit wide Oo O 1 #1 =O Wide OR 
character 0011 41 AT 
11 98-bit graphic 1 Oo 11 0 1 Graphic 
12 8-bit graphic 2 Oo 1 1 0 0 -_ = 
13 Large screen 1 1 1 0 1 Dual 4-bit 
screen x 2 


The LCTC display mode is determined by pins D/S (pin 55), G/C (pin 58), LS (pin 56), WIDE (pin 54), 
and AT (pin 57). As for G/C, WIDE, and AT, the OR is taken between data bits O, 2, and 3 of the mode 
register (R22). The display mode can be controlled by either one of the external pins or the data bits of 
R22. 


Note: The above 5 pins have 32 status combinations (high and low) . Any combinations other than the 
above are inhibited, because they may cause malfunctions. If you set an inhibited combination, 
set the right combination again. 
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Internal Registers 


The HD63645/HD64645 has one address reg- 
ister and fourteen data registers. In order to 
select one out of fourteen data registers, the 
address of the data register to be selected 
must be written into the address register. The 
MPU can transfer data to/from the data reg- 
ister corresponding to the written address. . 


To be software compatible with the CRTC 
(HD6845), registers R2-R8, R16, and R17, 
which are not necessary for an LCD are 
defined as invalid for the LCTC. 


Address Register (AR) 


AR register (figure 21) specifies one out of 14 
data registers. Address data is written into 
the address register when RS is low. If no 
register corresponding to a specified address 
exists, the address data is invalid. 


Horizontal Total Characters Register 
(RO) 

RO register (figure 22) specifies a horizontal 
scanning period. The total number of hori- 
zontal characters less 1 must be programmed 
into this 8-bit register in character units. The 
“Nht” indicates the horizontal scanning 
period including the period when the CPU 
occupies memory (total number of horizontal 
characters minus the number of horizontal 
displayed characters). Its unit is, then, 
converted from time into the number of 
characters. This value is to be specified 
according to the specification of the LCD 
system to be used. | 


Horizontal Displayed Characters Regis- 
ter (R1) 

R1 register (figure 23) specifies the number of 
characters displayed per row. The horizontal 
character pitches are 8 bits for normal char- 
acter display and 16 dots for wide character 
display and graphic display. 


The “Nhd” must be less than the total number 
of horizontal characters. 


Maximum Raster Address Register (R9) 
RQ register (figure 24) specifies the number 
of rasters per row in characters mode, consis- 
ting of 5 bits. The programmable range is 0 (1 
raster/row) to 31 (32 rasters/row). 


Cursor Start Raster Register (R10) 

R10 register (figure 25) specifies the cursor 
start raster address and its blink mode. Refer 
to table 11. 


<> 


— 32- or 64-frame 


Cursor End Raster Register (R11) 
R11 register (figure 26) specifies the cursor 
end raster address. 


Start Address Register (H/L)(R12/R13) 

R12/R13 register (figure 27) specifies a buffer 
memory read start address. Updating this 
register facilitates paging and scrolling. R14/ 
R15 register can be read and written to/from 


Data Bit 


Program Program Unit RW 


| ata Bit | Program Unit 
reisesbi | 
Nhd | Nhd (Displayed characters) _| characters) Character 





Figure 21. Address Register 


Data Bit Program Program Unit! RW. 


| Data Bit | Program Unit 
Se cramer | we 
Nht | Nht (Total characters — 1) _| characters — 1) Character 


Figure 22. Horizontal Total 
Characters Register 
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Figure 23. Horizontal Displayed 
Characters Register 


Data Bit Program Program Unit RAW | 


ow ror Un 
rTefs[s[s [afte 
KEEP | rane 


Figure 24. Maximum Raster Address 





Register 
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the MPU. 


Cursor Address Register (H/L)(R14/R15) 
R14/R15 register (figure 28) specifies a cursor 
display address. Cusor display requires set- 
ting R10 and R11, and CUDISP should be 
connected with MD12 (in character mode). 
This register can be read from and written to 
the MPU. 


Horizontal Virtual Screen Width Regis- 
ter (R18) 

R18 register (figure 29) specifies the memory 
width to determine the start address of the 
next row. By using this register, memory 
width can be specified larger than the num- 
ber of horizontal displayed characters. Up- 
dating the display start address facilitates 
scrolling in any direction within a memory 
space. 


The start address of the next row is that of 
the previous row plus Nir. If a larger memory 
width than display width is unnecessary, Nir 
should be set equal to the number of hori- 
zontal displayed characters. 


Multiplexing Duty Ratio Register (H/L) 
(R19/R20) 

R19/R20 register (figure 30) specifies the 
number of vertical dots of the display screen. 


HD63645/HD64645 


The programmed value differs according to — 


the LCD screen configuration. 


In single screen configuration : 
(Programmed value) = (Number of vertical 
dots) — 1. 


In dual screen configuration : 
(Programmed value) = 


(Number of vertical dots) _ 1 
3 ; 


Display Start Raster Register (R21) 


R21 register (figure 31) specifies the start 
raster of the character row displayed on the 
top of the screen. The programmed value 
should be equal or less than the maximum 
raster address. Updating this register allows 
smooth scrolling in character mode. 


Mode register (R22) 

The OR of the data bits of R22 (figure 32) 
register and the external terminals of the 
same name determines a particular mode. 
(figure 33) 





Table 5 Cursor Blink Mode 


B Cursor blink mode 

0 O Cursor on; without blinking 

0 1 Cursor off 

1 OQ Blinking once every 32 frames 
1 1 Blinking once every 64 frames 


Data Bit 


Prosam Uni] Raw 


| sions ae 


Figure 25. Cursor Start Raster Register 





Data Bit Program Unit! Unit RW | 


[oe i ‘Proaram U 
BOGE 
[ETE Pie trates 


Figure 26. Cursor End Raster Register 
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}  DataBit Bit 


| Data Bit | Program Unit Program Unit RW | 


7}6]5{4)3}2}1jo 
| Memory address (H) (R12) _| | Memory address (H) (R12) _| (H) (R12) Memory 
[Memes adress) (R13) | aeons 


Figure 27. Start Address Register 





| Data Bit Bit | Data Bit =| Program Unit Unit RW 


7]6}5]4]3}2]}1]0| 
| Memory address (H) (R14) | address | Memory address (H) (R14) | (R14) Memory 
| Memory address (L) (R15) — address | Memory address (L) (R15) — (R15) address 


Figure 28. Cursor Address Register 





SECTION 


1 
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| Data Bit =| Program Unit Program Unit| R/W/ [RW Data Bit Program Unit Unit] R/W] RW 

GOgGBggo 7{6[5/4/ 3/2] 1 Jo] 

Nir Nir (No. of chars. of virtual width) | of chars. of virtual width)| Character | }—|—|—| Raster address _| Raster | Raster address _| Raster 

Figure 29. Horizontal Virtual Screen Figure 31. Display Start Raster Regis- 
Width Register ter 


| ata Bit | ata Bit Program Unit Program Unit RW) 


7{6|s]4/3]2/1]o 
= |= |=[= |=] fenabiey Resto 


Data Bit 
5} 4 [3/2] 1/0] 
= [owore| code] ar 


Figure 32. Mode Register 


Ndi (Number of rasters — 1) (R20) 





: Number of rasters 





Figure 30. Multiplexing Duty Ratio 
Register 


= = ee 
BLE 

(data bit 1) 

WIDE 

(data bit 2) 

G/C 

(data bit 3) 

ON/OFF | | 

|(data. bit 4) 


Mode Register ON/OFF G/C WIDE BLE AT 


(R22) (Pin 53) (Pin 58) (Pin 54) (Pin 51) (Pin 57) 


AT (valid only when G/C is low (character mode) ) 
AT = High: Attribute functions enabled, OR function disabled. 
AT = Low: OR function enabled, attribute functions disabled. 


BLE (valid only when G/C is low (character mode) ) 
BLE = High: Blinking enable on the character specified by attribute RAM 
BLE = Low: No blinking 


WIDE (valid only when G/C is low (character mode) ) 
WIDE = High: Wide display enabled 
WIDE = Low: Normal display 


G/C 
G/C = High: Graphic 1 display (when AT = Low) or Graphic 2 display (when AT = High) 
G/C = Low: Character display 


ON/OFF 
ON/OFF = High: Display on state 
ON/OFF = Low: Display off state 





Figure 33. Correspondence Pe HITACHI Register and External Pins 
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Restrictions on Programming Internal 


Registers 

Note when programming that the values you SECTION 
can write into the internal registers is 

restricted as shown in Table 12. 1 








Table 12. Restrictions on Writing Values into the Internal Registers 


Function Restrictions Register 
Display Format 1 < Nhd < Nht + 1 S 256 RO, R1 
16 

Nhd + 7 x1 = Nht + 1 

(No. of vertical dots) x (no. of horizontal dots) x R1, R19, R20 

(frame frequency;frrm) = (data transfer speed; V) 

ee #2x (Nd + 1) x Nhd x ery #3 fram = V 

Nhd S Nir” R1, R18 

O = Nd &S 511 R19, R20 
Cursor Control O = Nes S Nee R10, R11 

Nce S Nr R10, R9 
Smooth Scroll Nsr = Nr R21, R9 
Memory Width Set O S Nir $255 R18 


* 1 =m varies according to the modes. See the following table. 


Mode No. m 
5,9 1 
1,6,7,8,10,11,12,13 2 
2,3,4 4 


*2 Set 1 when anLcCD screen is a single screen, and set 2 when dual. Modes are classified as shown 
in the following table. 


Mode No. Value 


5,6,7,8,9,10,11,12 1 
1,2,3,4,13 2 


*3 Set 8 when a character is constructed with 8 dots, and set 16 when with 16 dots. Modes are 
Classified as shown in the following table. 


Mode No. Value 
1,5,9 8 
2,3,4,6,7,8,10,11,12,13 16 
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Reset 


RES pin determines the internal state of LSI 
counters and the like. This pin does not affect 
register contents nor does it basically control 
output terminals. 


“Reset” is defined as follows (Figure 34) : 

O At reset: the time when RES goes low 

© During reset: the Pence while RES 
remains low 

O After reset: the period on and after the 
RES transition from low to high | 


RES pin should be pulled high by users dur- 
ing operation. 


Reset State of Pins 


RES pin does not basically control output 
pins, and operates regardless of other input 
pins. 


(1) Preserves states before reset: 

LUO-LU3, LDO-LD3, FLM, CL1, RAO-RA4 
(2) Fixed at high level: 

MLCK 


During reset 


At reset 


(3) Preserves states before reset or fixed at 
low level according to the timing when 
the reset signal is input: 

DISPTMG, CUDISP, MAO-MA15 

(4) Fixed at high or low according to mode : 
CL2 

(5) Unaffected : 

DBo-DB7 


Reset State of Registers 


RES pin does not affect register contents. 
Therefore, registers can be read or written 


even during a reset state; their contents will 


be preserved aay of reset until uasy 
are rewritten to. 


Notes for HD63645/HD64645 


(1) The HD63645/HD64645 are CMOS LSIs, 
and it should be noted that input pins 
must not be left disconnected, etc. 

(2) At power-on, the state of internal regis- 
ters becomes undefined. The LSI opera- 
tion is undefined until all internal regis- 
ters have been programmed. 


Vcec—0.5V 


After reset 





Figure 34. Reset Definition 


@ HITACHI 
534 Hitachi America Ltd. ¢ Hitachi Plaza ¢ 2000 Sierra Point Pkwy. © Brisbane, CA 94005-1819 © (415) 589-8300 





HD63645/HD64645 


Absolute Maximum Ratings 


item Symbol Value Note 

Supply voltage =~=~*~*~*~*~—~:::::Cs—“(Ot*‘s™S.. tO T.OV.OO~O~™~™~S:~”sCen eT 
Terminal voltage Vin —0.3 to Vec +0.3V 2 

Operating temperature Tope —20°C to +75°C 1 
Storage temperature Tstg —55°C to +125°C 





Notes: 1. Permanent LS! damage may occur if maximum ratings are exceeded. Normal operation 
should be under recommended operating conditions (Vcc = 5.0 V +10%, GND = OV, Ta 
= —20°C to +75°C). If these conditions are exceeded, it could affect reliability of LSI. 

2. Width respect to GROUND (GND = OV) 


Electrical Characteristics 


DC characteristics (Vcc = 5.0 V +10%, GND=OV, Ta = —20°C to +75°C, unless 
otherwise noted.) 


item Symbol Min Typ Max Unit Ladd 
Input high voltage eS MODE, SKO, Vy Vec-0.5 Vect+0.3 V 
DCLK, ON/OFF 2.2 Vec+0.3 V 
All others 2.0 Vec+0.3 V 
Input low voltage All others Vit =0.3 0.8 V 
Output high voltage — TTL Interface! Von 2.4 V lon= —400uA 
CMOS Interface! Vec —0.8 V lon= — 400A 
Output low voltage TTL Interface VoL 0.4 V loL=1.6mA 
CMOS Interface 0.8 V lop =400uA 
Input leakage current All inputs except he er Pe, 2.5 BA 
DBo-DB7 
Three state (off-state) DBo—DB7 ITS -10 +10 uA 


leakage current 


Current dissipation? Icc 10 mA 


Notes: 1. TTL Interface ; MAO-MA15, RAO-RA4, DISPTMG, CUDISP, DBO-DB7, MCLK 

C-MOS Interface ; LUO-LU3, LDO-LD3, CL1, CL2, M, FLM 

2. Input/output current is excluded. When input is at the intermediate level with CMOS, 
excessive current flows through the input circuit to power supply. Input level must be fixed 
at high or low to avoid this condition. 

3. If the capacity loads of LUO-LU3 and LDO-LD3 exceed the rating, noise over 0.8 V may be 
produced on CUDISP, DISPTMG, MCLK, FLM and M. In case the loads of LUO-LU3 and 
LDO-LD3 are larger than the ratings, supply signals to the LCD module through buffers. 
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AC Characteristics 


_CPU Interface (HD63645 —— 68 family) 


item Symbol Min Typ Max Unit Figure 
Enable cycle time tcyce 500 ns 35 


Enable pulse width (high) Pwen 220 ns 
Enable pulse width (low) . PWeL 220 ons 
Enable rise time ter | 25 ns 
Enable fall time ter 25 ns 
CS, RS, R/W setup time tas 70 ns 
CS, RS, RW hold time tay 10 ns 
DBo-DB7 setup time tos 60 ns 
DBo-DB7 hold time toHw 10: ns 
DBo-DB7 output delay time tppr 150 ns 
DBo-DB7 output hold time tour 20 ns 


DB o—DB; 
(output) 


{| Data Valid 





Figure 35. CPU Interface (HD63645) 
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CPU Interface (HD64645 —— 80 family) 





item Symbol Min Typ Max Unit Figure 

RD high level width twRDH 190 ns 36 SECTION 
RD low level width twRoL 190 ns 

WR high ievei width twwRH 190 ns i 1 
WR low level width wan 190 ns 

CS, RS setup time tas 0 ns 

CS, RS hold time tay 0 ns 

DBo-DB7 setup time tpsw 100 ns 

DBo-DB7 hold time toHw 0 ns 

DBo-DB7 output delay time topr 150 ns 

DBo-DB7 output hold time tpHR 20 ns 





Figure 36. CPU Interface (HD64645) 
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AC Characteristics (Cont) 
K 


Memory Interface ) 


Item Symbol Min Typ Max Unit Figure 
DCLK cycle time tcycp 100 ns 37 
DCLK high level width twpbH 30 ns 
DCLK low level width twoL 30 ns 
DCLK rise time tor 20 ns 
DCLK fall time tor 20 ns 
MCLK delay time tomo 70 ns 
MCLK rise time tur 30 ns 
MCLK fall time tue 30 ns 
MAO-MA15 delay time tmap 150 ns 
MAO-MA15 hold time tmMaAH 10 ns 
RAO-RA4 delay time trap 150 ns 
RAO-RA4 hold time | tea 10 ns 
DISPTMG delay time tpTD 150 ns 
DISPTMG hold time toTH 10 ns 
CUDISP delay time tee 150. —ns 
CUDISP hold time tcbH 10 ns 
CL1 delay time tcLip 150 ns 
CL1 hold time tcL1H 10 ns 
CLi rise time tcLir 50 ns 
CL1 fall time tcLif | 50 ns 
MDO-MD15 setup time tmps 30 ns 
MDO-MD15 hold time tmpH 15 ns 
© HITACHI 
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SECTION 





tomo tpmMD 
Sa nav 
0.4 vl to \ 
ev : MAH 
MAO—MA15 { mand } 
0.4V 
: 2.4V | 
RAO—RA4 { ) 
0.4V 
DISPTMG , 2.4V 
0.4V 
Se 
2.4V 
CUDISP ( } 
0.4V 
i Vec—-0.8V 
CL1 Ween oe | 
E 0.8V 


teutr tmps tMDH 
teit 


MDO—MD15 2 OV 
(input) Yo. 8v 


Figure 37. Memory Interface 


J 
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AC Characteristics (Cont) 
LCD Interface 


Item Symbol Min Typ Max Unit Figure 


Display data setup time tips 50 | ns 38 
Display data hold time tLoH 100 ns 
CL2 high level width tWcL2H 100 ns 
CL2 low level width | twcL2t 100 ns 
FLM setup time tes 500 ns 
FLM hold time teH 300 ns 
CL1 rise time tevt1r 50 ns 
CL1 fall time tet | 50 ns 
CL2 rise time tcLar 50 ns 
CL2 fall time tcL2f 50 ns 


Note: At fCL2 = 3 MHz 


LUO—LU3 
LDO—LD3 


Vec-0.8V 
0.8V 





Figure 38. LCD Interface 
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AC Characteristics 


TTL Load 
SECTION 
Terminal Ri R Cc Remarks 
DBo-DB7 2.4kQ 11k 130 pF tr, tf: Not specified 
MAO-MA15, RAO-RA4, BDISPTMG, CUDISP 2.4kQ0 711ko 40 pF 
MCLK 2.4kQ 11kQ 30 pF tr, tf: Specified 





All diodes; 152074@ 





Capacity Load 


Terminal Cc Remarks 
CL2 150 pF tr, tf: Specified 
CLI 200 pF 
LUO-LU3, LDO-LD3, M 150 pF tr, tf: Not specified 
FLM 50 pF 
C 
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LCD Timing Controller (LCTC) 


Description 


The HD64646 LCTC is a modified version of 
the HD64645 LCTC with differente LCD 
interface timing. 

The HD64646 is a control LSI for large size dot 
matrix liquid crystal displays. The LCTC is 
software compatible with the HD6845 CRTC, 
since its programming method of internal 
registers and memory addresses is based on 


the CRTC. A display system can be easily 


converted from a CRT to an LCD. 


The LCTC offers a variety of functions and 
performance features such as vertical and 
horizontal scrolling, and various types of 
character attribute functions such as reverse 
video, blinking, nondisplay (white or black), 
and an OR function for simple superimposi- 
tion of character and graphic displays. The 
LCTC also provides DRAM refresh address 
output. 


A compact LCD system with a large screen 
can be configured by connecting the LCTC 
with the HD61104 (column driver) and the 
HD61105 (common driver) by utilizing 4-bit x< 
2 data outputs. Power dissipation has been 
lowered by adopting the CMOS process. 


Features 


@ Software compatible with the HD6845 
CRTC 

@ Programmable screen size: 
—Up to 1024 dots (height) 
—Up to 4096 dots (width) 

@ High-speed data transfer: 
—Up to 20 Mbits/sec in character mode 
—Up to 40 Mbits/sec in graphic mode 

@ Selectable single or dual screen configu- 
ration 

@ Programmable multiplexing duty ratio: 
static to 1/512 duty cycle 

@ Programmable character font: 
—1-32 dots (height) 
—8 dots (width) 

@ Versatile character attributes: reverse 
video, blinking, nondisplay (white), 
nondisplay (black) 


Pin Arrangement 


<daqaqaddqc 
22sec 





scrolling by the character 

@ Versatile display modes programmable 
by mode register or external pins: dis- 
play on/off, graphic or character, normal 
or wide, attributes, and blink enable 

@ Refresh address output for dynamic RAM 

@ 4- or 8-bit parallel data transfer between 
LCTC and LCD driver 

@ Recommended LCD driver: HD61104 
(column) and HD61105 (common), 
HD66106 (column/common) 

@ CPU interface: 
80 family 

@ CMOS process 

@® Single +5V +10% 

@ 80-pin plastic OQFP (FP-80A) 


Ordering Information 


@ OR function: superimposing characters Type or: — Bee tere Pus iiterrece racueus 
and graphics display | HD63645 2MHz 68 System FP-80 

@ Cursor with programmable height, blink HD64645 4MHz 80 System FP-80 
rate, display position, and on/off switch } 

@ Vertical smooth scrolling and horizontal HD64646 4 MHz 80 System FP-80B 
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Differences Between HD64645 and 
HD64646 


Fig.1 and Fig.2 show the relation between 
display data transfer period, when display 
data shift clock CL2 changes, and display 
data latch clock CL1. Fig.1 shows the case 
without skew function and fig.2 shows the 
case with skew function. 

In Fig.1 “High” period between CL2 and CL1 
of HD64645 overlap. 

HD64646 has no overlap like HD64645, and 
except for overlap parts HD64646 is the same 


MCLK 1 2 3 4 


CLI 
(HD64645) __ MCLK x 16 L 


DISPTMG 


HD64646 


as HD64645 functionally. 

Besides, in case of skew function, phase rela- 
tion between CL1 and CL2 changes. As Fig.2 
shows, data transfer period and CL1 “High” 
period of HD64646 never overlap in case of 
skew function. 


CL1 ee (oe es 
(HD64646) MCLK xX 11 
CL2 

(foro =fmctk) | | | | | | | | , 

CL2 

(fora = 2fmcux) Bo Cen 


Notes fmci«= Output frequency of MCLK 
fo.2 =Output frequency of CL2 





Figure 1. Differences between HD64645 and HD64646 (no skew) 
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HD64646 


MCLK 


DISPTMG | 
CL1 [makxteOOOOOSOSOSSCSSSSSSSC*SY 


CLI an = ee 
(HD64646) MCLK x 11 

CL2 

eer eee eet ie (i | nn 
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Figure 2. Differences between HD64645 and HD64646 (skew) 
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Absolute Maximum Ratings 


item Symbol Value Note 

Supply voltage Vec -0.3 to +7.0V 2 SECTION 
Terminal voltage Vin —0.3 to Vcc +0.3V 2 

Operating temperature Pope —20°C to + 75°C 1 
Storage temperature Tstg -—55°C to +125°C 





Notes: 1. Permanent LSI damage may occur if maximum ratings are exceeded. Normal operation 
should be under recommended operating conditions (Vcc = 5.0 VV 10%, GND = OV, Ta 
= —20°C to + 75°C). If these conditions are exceeded, it could affect reliability of LSI. 

2. With respect to GROUND (GND = OV) 


Electrical Characteristics 


DC characteristics (Vcc = 5.0 V +10%, GND = OV, Ta = —20°C to +75°C, unless other- 
wise noted.) 


item Symbol Min Typ Max Unit shee 
Input high voltage ne MODE, SKO, Vy Vec-0.5 Vec+0.3 V 
DCLK, ON/OFF 2.2 Vect0.3 V 
‘Allothes 2.0 Vect0.3 V 
Input low voltage All others Vit =@0.3 0.8 V 
Output high voltage = TTL Interface’ Vou 2.4 V loH= — 400A 
CMOS Interface! Vec—0.8 V lon= —400uA 
Output low voltage TTL Interface VoL 0.4 V loL=1.6mA 
CMOS Interface 0.8 V lo. =400uA 
Input leakage current All inputs except lit =2.5 +2.5 uA 
DBo-DB7 
Three state (off-state) DBo—DB7 Its- -10 +10 uA 


leakage current 


Current dissipation Icc 10 mA 


Notes: 1. TTL Interface ; MAO-MA15, RAO-RA4, DISPTMG, CUDISP, DBO-DB7, MCLK 

C-MOS Interface ; LUO-LU3, LDO-LD3, CL1, CL2, M, FLM 

2. Input/output current is excluded. When input is at the intermediate level with CMOS, 
excessive current flows through the input circuit to power supply. Input level must be fixed 
at high or low to avoid this condition. 

3. If the capacity loads of LUO-LU3 and LDO-LD3 exceed the rating, noise over 0.8 V may be 
produced on CUDISP, DISPTMG, MCLK, FLM and M. In case the loads of LUO-LU3 and 
LDO-LD3 are larger than the ratings, supply signals to the LCD module through buffers. 
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AC Characteristics 
CPU Interface 

item. 

RD high level width 

RD low level width 


WR high level width 


R low level width 


| § 


O 


S, RS setup time 

CS, RS hold time 

DBo-DB7 setup time 
DBo-DB7 hold time 
DBo-DB7 output delay time 
DBo-DB7 output hold time 
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Figure 3. CPU Interface 
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AC Characteristics (Cont) 


Memory Interface 





SECTION 
item Symbol Min Typ Max Unit Figure | 
DCLK cycle time = tye 100. +s 4 
DCLKhighlevel width = i s—“(ité‘iO“(<é‘é‘s O!”!”!”!”!”!”!”™”!”!”!”!O!O!O!UCUSC! 1 
DCLK low level width | er 30 ns 
DCLK rise time tor 20 ns 
DCLK fall time tor 20 ns 
MCLK delay time tomo 60 ns 
MCLK rise time tur 30 ns 
MCLK fall time tut 30 ns 
MAO-MA15 delay time tmap 150 ns 
MAO-MA15 hold time tMAH 10 ns 
RAO-RA4 delay time trap 150 ns 
RAO-RA4 hold time trRaH 10 ns 
DISPTMG delay time toTp 150 ns 
DISPTMG hold time toTH 10 ns 
CUDISP delay time tcpp 150 ns 
CUDISP hold time tcbH 10 ns 
CL1 delay time tcLip 150 ns 
CL1 hold time tcL1H 10 ns 
CL1 rise time tcLir | 50 ns 
CL1 fall time tcLit 50 ns 
MDO-MD15 setup time tmps 30 ns 
MDO-MD15 hold time tMDH 15 ns 
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Figure 4. Memory Interface 
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AC Characteristics (Cont) 
LCD Interface 1 (at fcrz=3MHz) 





SECTION 
item Symbol Min Typ Max Unit Figure 
FLMstetuptime © | | te 5SOO - — ms 5 1 
FLM hold time try 300 _ ~ ns | 
M delay time tom = 2 200 ns 
CL1 high level width tcLiH 300 = = ns 
Clock setup time tscL 500 = es ns 
Clock hold time tucL 100 = = ns 
Phase difference 1 tep1 100 = sd ns 
Phase difference2  §# = tpp2 SOO. — - ns 
CL2 high level width tcL2H 100 = < ns 
CL2 low level width tcLat 100 = = ns 
CL2 rise time tcL2r = a5 50 ns 
CL2 fall time tcL2¢ aa = 50 ns 
Display data setup time tips 80 ~ = ns 
Display data hold time tLDH 100 am = ns 
Display data delay time tLop = a 30 ns 


LCD Interface 2 (at fcrz=5MHz) 


Item Symbol Min Typ Max Unit | Figure 
FLMsetuptime © ts 5OO.  - -— nm 5. 
FLM hold time teH 200 ae = ns 

M delay time tom = = 200 ns 

CL1 high level width tcL1H 300 — = ns 

Clock setup time tsci 500 = = ns 

Clock hold time tucL 100 = = ns 

Phase difference 1 tep1 70 i = ns 

Phase difference 2 tpp2 500 — _ ns 

CL2 high level width tcL2H 50 = = ns 

CL2 low level width tcLaL 50 = = ns 

CL2 rise time tevar = = 50 ns 

CL2 fall time tcLaf a a 50 ns 

Display data setup time tips 30 = = ns 

Display data hold time tLDH 30 = se ns 

Display data delay time tipp = ss 30 ns 
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Figure 5. LCD Interface 
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AC Characteristics 


TTL Load 
SECTION 
Terminal Ri R Cc Remarks 
DBo-DB7 2.4kQ 11k 130 pF tr, tf: Not specified 
MAO-MA15, RAO-RA4, DISPTMG, CUDISP 2.4k0 i11kO 40 pF | 
MCLK 2.4kQ 11kO 30 pF tr, tf: Specified 





All diodes; 1S2074@ 





Capacity Load 


Terminal Cc Remarks 
CL2 150 pF tr, tf: Specified 
CL1 200 pF 
LUO-LU3, LDO-LD3, M 150 pF tr, tf: Not specified 
FLM 50 pF 
Cc 
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LCD Video Interface Controller (LVIC) _ 


- Description 


The HD66840 LVIC interface controller con- 
verts the standard video signals R, G, B for 
CRT display into LCD data. It enables a CRT 
display system to be replaced by an LCD 
system without any changes. It also enables 
the software originally intended for CRT dis- 
play to control the LCD. 


Since the LVIC can control TFT-type LCDs in 
addition to the current TN-type LCD, it can 
support color display as well as monochrome 
display. It can program screen size and can 
control a large-panel LCD of 720 dots x 512 
dots (max). 


Features 


@ Converts video R, G, B signals for CRT 
display into LCD data: 

—Monochrome display data 

—8-level gray scale display data 

—8-color display data 

@ Can select LVIC control method: 

—Pin programming method 

—Internal register programming method 
(either with MPU or ROM) 

@ Can program screen size: 

—200, 350, 400, 480, 512, or 540 dots 
(lines) in height and 640, or 720 dots (80, 
or 90 characters) in width by pin pro- 
gramming method 

—4-1024 dots (lines) in height and 32- 
4048 dots (4-506 characters) in width by 
internal register programming method 

@ Can regenerate the display timing signal 
from HSYNC and VSYNC 

@ Internal PLL circuit can generate the dot 
clock (external charge pump, low pass 
filter (LPF), and voltage-controlled oscil- 
lator (VCO) required) 


@® Can control both TN-type LCD and TFT- 
type LCD | 

@® Maximum operating frequency: 25, 30 
MHz (dot clock for CRT display) 

@ LCD driver interface: 4-, 8-, or 12-bit (4 bits 
each for R, G, B) parallel data transfer | 

@ Recommended LCD drivers: HD61104, 

HD61105, and HD66106 

CMOS 1.3 ~m process 

Single power supply: +5 V + 10 % 

100-pin plastic QFP (FP-100A) 


Pin Arrangement 


RD/AO/XDOT {_]: 


79{_ JPMOD1 
7al_JPMODO | 
77|_]LDOTCK 
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Pin Description 


Table 1 describes the pins. 





SECTION 
Table 1. Pin Description 
Symbol Pin Number Pin Name 1/O 
Vec1-Vec3 96, 30, 76 Vect, Vec 2, Vcc 3 = 
GND1-GND6 88, 9, 23, Ground 1-6 — 
37, 50, 65 
R, G, B! 91, 92, 93 Red, green, blue serial data | 
HSYNC 89 Horizontal synchronization | 
VSYNC 90 Vertical synchronization | 
DISPTMG2 95 Display timing | 
DOTCLK 94 Dot clock l 
RO-R33 69-66 LCD red data 0-3 O 
LUO-LU34 69-66 LCD up panel data 0-3 O 
GO-G33,5 64-61 LCD green data 0-3 O 
LDO-LD34,5 64-61 LCD down panel data 0-3 O 
BO-B33,6 60-57 LCD blue data 0-3 O 
CL1 72 LCD data line clock O 
CL2 73 LCD data shift clock O 
CL3? 74 Y-driver shift clock 1 O 
CL47 75 Y-driver shift clock 2 O 
FLM 71 First line marker O 
M 70 LCD driving signal alternation O 
LDOTCK 77 LCD dot clock l 
MCSO, MCS18 27, 28 Memory chip select 0, 1 O 
MWE? 29 Memory write enable O 
MAO-MA159 10-22, Memory address 0-15 O 
24-26 
RDO-RD72 31-36, Memory red data 0-7 1/0 
38-39 
GDO-GD79, 10 40-47 Memory green data 0-7 i/O 
BDO-BD79, 1° 48, 49 Memory blue data 0-7 1/0 
51-56 





Ordering Information 


Type Ne. Dot clock (MHz) Package 





HD66840F25 25MHz 100-pin 
HD66840F30 30MHz Plastic QFP (FP-100A) 
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Table 1. Pin Description (cont) 


Symbol Pin Number Pin Name | 1/0 
PMODO, PMOD1 78, 79 Program mode QO, 1 i 
DOTE 80 Dot clock edge change I 
SPS 81 Synchronization polarity select | 
DMO-DM3 82-85 Display mode 0-3 | 
CS (MPU programming)" 98 Chip select | 
MSO (pin programming)'' 98 Memory select O | 
WR (MPU programming) 11, 12 99 Write I 
MS1 (pin programming)"' 99 Memory select 1 | 
RD (MPU programming) '2 1 Read | 
AO (ROM programming) 1 Address O O 
XDOT (pin programming) 1 X-dot | 
RS (MPU programming)"! 100 Register select | 
ADJ (pin programming)'! 100 Adjust | 
DO-D3 (MPU programming) 5-8 Data 0-3 \/O 
DO-D3 (ROM programming) 5-8 Data 0-3 | 
FO-F3 (pin programming) 5-8 Fine adjust 0-3 | 
A1-A3 (ROM programming) '3 2-4 Address 1-3 O 
YLO-YL2 (pin programming) '3 2-4 — Y-line 0-2 | 
RES"4 97 Reset | 
CD 86 Charge down O 
CU 87 Charge up O 
Notes: 1. When CRT display data is monochrome, G and B pins should be fixed low. 
2. Fix high or low when regenerating the display timing signal internally. 
3. For 8-color display modes. 
4. For monochrome and 8-level gray scale display modes. 
5. Leave disconnected in 4-bit/single screen data transfer modes. 
6. Leave disconnected in monochrome and 8-level gray scale display modes. 
7. Leave disconnected when controlling TN-type LCD. 
8. Leave disconnected when using no buffer memories. 
9. Leave disconnected when using no buffer memories. 
10. In monochrome display modes, the LVIC writes the OR of R, G, B signals into R-plane 
RAMs. Thus, no RAMs are required for G and B planes in these modes. 
Pull up these pins 20-kQ resistance. If G and B plane RAMs are connected in monochrome 
display modes, the LVIC writes G and B signals into each RAM. However, it does not affect 
the display or the contents of R-plane RAM whether G- and B-plane RAMs are connected 
or not. | 
11. Fix high or low when controlling the LVIC by ROM programming method. 
12. WR and RD must not be low at the same time. 
13. Fix high or low when controlling the LVIC by MPU programming method. 
14. Make sure to input RES signal after power-on... 
@ HITACHI 
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Power Supply 
Vec1-Vec3: Connect Vec1-Vcc3 with +5 V. 


GND1-GND6: Ground GND1-GND6. 


eS o> amar ce Te fee 


CRT Display Interface 


R, G, B: Input CRT display R, G, B signals on 
R, G and B respectively. 


HSYNC: Input the CRT horizontal synchro- 
nization on HSYNC. 


VSYNC: Input the CRT vertical synchroni- 
zation on VSYNC. 


DISPTMG: Input the display timing signal, 
which announces the horizontal or vertical 
display period, on DISPTMG. 


DOTCLEKE: Input the dot clock for CRT display 
on DOTCLK. 


LCD Interface 
RO-R3: RO-R3 output R data for the LCD. 


LUO-LU3: LUO-LU3 output LCD up panel 
data. 


GO0-G3: GO-G3 output G data for LCD. 


LDO-LD3: LDO-LD3 output LCD down panel 
data. 


BO-B3: BO-B3 output B data for LCD. 


CL1: CL1 outputs the line select clock for LCD 
data. 


CL2: CL2 outputs the shift clock for LCD 
data. 


CL3: CL3 outputs the line select and shift 
clock when a Y-driver is set on one side of an 
LCD screen (see “LCD System Configura- 
tion”). 


CL4: CL4 outputs the line select and shift 
clock when Y-drivers are set on both sides of 
an LCD screen (see “LCD System Configura- 
tion”). 


FLM: FLM outputs the first line marker for a 
Y-driver. 


M: The M output signal converts the LCD 
drive signal to AC. 


LDOTCK: LDOTCK outputs the LCD dot 
clock. — 
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Buffer Memory Interface 


MCSO, MCS1: MCSO and MCS1 output the 
buffer memory chip select signal. 


MWE: MWE outputs the write enable signal 
of buffer memories. 


MAO-MA15: MAO-MA15 output buffer 
memory addresses. 


RDO-RD7: RDO-RD7 transfer data between R 
data buffer memory and the LVIC. 


GDO0-GD7: GDO-GD7 transfer data between 
G data buffer memory and the LVIC. 


BDO-BD7: BDO-BD7 transfer data between B 
data buffer memory and the LVIC. 


Mode Setting 


PMODO, PMOD1: The PMODO-PMOD1 input 
signals select a programming method (table 
6). 


DOTE: The DOTE input signal switches the 
timing of the data latch. The LVIC latches R, 
G, B signal at the falling edge of DOTCLK 
when DOTE is high, and at the rising edge 
when low. 


SPS: The SPS input signal selects the polarity 
of VSYNC. (The polarity of HSYNC is fixed.) 
VSYNC is high active when SPS is high, and 
low active when low. 


DMO-DM3: The DMO-DM3 input signals 
select a display mode (table 8). 


MS0O-MS1: The MSO-MS1 input signals select 
the kind of buffer memories (table 2). 


XDOT: The XDOT input signal specifies the 
number of horizontal displayed characters. 
The number is 90 when XDOT is high, and 80 
when low. 


YLO-YL2: The YLO-YL2 input signals specify 
the number of vertical displayed lines (table 
3). 


ADJ: The ADJ input signal determines 
whether FO-F3 pins adjust the number of 
vertical displayed lines or the display timing 
signal. FO-F3 pins adjust the display timing 
signal when ADJ is high, and adjust the 
number of vertical displayed lines when low. 


FO-F3: FO-F3 input data for adjusting the 
number of vertical displayed lines (table 4), or 
the display timing signal (see “Fine 
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Adjustment of Display Timing Signal”). . 
MPU Interface 


CS: The MPU selects the LVIC when GS is 
low: 


_ WR: The MPU inputs the WR write signal to 
write data into internal registers of the LVIC. 
The MPU can write data when WR is low and 
cannot write data when high. 


RD: The MPU inputs the RD read signal to 
read data from internal registers of the LVIC. 
The MPU can read data when RD is low and 
cannot read data when high. 


RS: The MPU inputs the RS signal together 
with CS to select internal registers. The MPU 
selects data registers (RO-R15) when RS is 
high and CS is low, and selects the address 
register (AR) when RS is low and CS is low. 


DO-D3: DO-D3 transfer internal register data 
between the MPU and LVIC. 


RES: RES inputs the external reset signal. 
ROM Interface 


AO-A3: AO-A3 output address 0 to address 3 
to an external ROM. 


DO-D3: DO-D3 input data from an external 
ROM to internal registers. 


PLL Circuit Interface 


CD: CD outputs the charge down signal to an 
external charge pump. 


CU: CU outputs the charge up signal to an 
external charge pump. 





Table 2. Memory Type and MS1, MSO 
Pins 


MS1 MSO Memory Type 


Table 4. Fine Adjustment of Vertical 
Displayed Lines 


Number of Lines 


F3 F2 F1 FO Adjusted 
0 0 No memory 0 0 0 0 +0 
0 1 8-kbyte memory 0 0 0 1 4 
1 0) 32-kbyte memory 0 0 1 0 $2 
1 1 64-kbyte memory ) ) ; 
1 1 1 0 + 14 
Table 3. Number of Vertical Displayed 1 1 + 15 
Lines and YLO-YL2 Pins 
Number of Vertical Dis- 
Yi2 YL1 YLO  pilayed Lines | 
0 0 0 200 
0 0 1 350 
0 1 O 400 
0 1 1 480 
1 O 0 512 
1 0 1 540 
1 1 O ee 
, 1 1 Prohibited 
HITACHI 
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Registers 


Table 5 lists the internal registers and figure 1» 
- jllustrates the bit assignment to the registers. 





Table 5. Register List 


Address Register Reg. © . : - Program Read/ 
CS RS 3 2 1 0 No. Register Name Unit Write 
1 = eC eS Invalid ) = = 
OF Oe ee Oe CAR Address register! = Ww 
O 1 O O O O RO Control register 1 _ R/W 
@) 1 0 0 @) 1 R1 Control register 2 — R/W 
0 1 0 860 1 O R2 Vertical displayed lines register (middle-order)2 Line R/W 
0 1 0 O 1 1 R3 Vertical displayed lines register (low-order)? Line R/W 
Oo 1 oO 1 O O- R4 _ Vertical displayed lines register (high-order)2 Line R/W 
CL3 period register (high-order)? Char — R/W 
O 1 O 1 O 1 R5 CL3 period register (low-order)? Char R/W 
0 1 O 1 1 0 R6 Horizontal displayed characters register (high- Char R/W 
order)4 
0 1 0 1 1 1 R7 Horizontal displayed characters register (low-or- Char R/W 
der) 
O 1 1 0 O 6) R8 CL3 pulse width register Char R/W 
Oo 1 1 O O 1. RY — Fine adjust register® | Dot R/W 
oO 1 1 O 1 O R10 _ PLL frequency-dividing ratio register (high-order) — R/W 
O 1 1 O 1 1 R11 PLL frequency-dividing ratio register (low-order)®> — R/W 
Oo 1 1 1 O O - R12 Vertical backporch register (high-order)2,7 Line R/W 
O 1 1 1 O 1 R13 Vertical backporch register (low-order)2,7 Line R/W 
O 1 1 1 1 O R14 Horizontal backporch register (high-order)2, ’ Dot R/W 
0 1 1 1 1 1 R15 Horizontal backporch register (low-order)2, ” Dot R/W 


Notes: 1. If you attempt to read data from the register with RS = O, the bus is driven to high- 
impedance state and the output data is indefinite. 

(The specified value — 1) should be written into these registers. 

Valid only in 8-color display modes with horizontal stripes. 

The most significant bit is invalid in dual screen configuration modes. . 

Valid only when the display timing signal is supplied externally. 

Valid only when generating the dot clock. 

Valid only when generating the display timing signal internallv 


Ek a a 
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Data Bit 






Register No 


ot 
eA 


AR 





SECTION | 





I 





Control register 1 





Control register 2 


Note: @ indicates invalid bits. Attempting to read data from these register bits 
returns indefinite output data. 


Figure 1. Register Bit Assignment 
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System Configuration 


Figure 2 is the block diagram of a system in 
which the LVIC is used outside of a personal 
computer. 


The LVIC converts the R, G, B serial data sent 
from the personal computer into parallel data 
and writes them into the buffer memories 
once. It reads out the data in turn and out- 
puts them to LCD drivers to drive an LCD. 
Here the latch clock of the serial data, namely 
the dot clock (DOTCLK) is generated by a PLL 


circuit, using HSYNC as a basic clock. The 
frequency of the dot clock is specified by the 
PLL frequency-dividing ratio register (R10, 
R11). ; 


The user may also configure a system without 
VCO and LPF if supplying the dot clock 
externally and may configure a system with- 
out the MPU if the LVIC is controlled by the 
pin programming method. 





R, G, B serial data 


pt sync 
P| | vsync 


Personal 


computer 





VCO = Voltage-controlled oscillator 
LPF = Low pass filter 


Buffer is possible 
memory 


LPF 
DOTCLK 


CD | 
—>/[  - | 


Simultaneous LCD and CRT display 


CRT display 





Figure 2. System Block Diagram (MPU Programming Method, Regenerates DOTCLK) 
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Functional Description 
Programming Method 


The user may select one of two methods to 
control the LVIC functions: by pin program- 
ming method or by internal registers (internal 
register programming method). The internal 
register programming method can be divided 
into the MPU programming method and the 
ROM programming method. The MPU writes 
data into internal registers in the MPU pro- 
gramming method and ROM writes the data 
in the ROM programming method. Table 6 
lists the relation between programming 
method and pins. 
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Pin Programming Method: LVIC mode 
setting pins control functions in the pin pro- 
gramming method. 


Internal Register Programming Method: 
In the internal register programming method, 
an MPU or ROM writes data into internal 
registers to control functions. Figure 3 illus- 
trates the connections of MPU or ROM and 
the LVIC. Figure 3 (1) is an example of using 
a 4-bit microprocessor, but since the LVIC’s 
MPU bus is compatible with the 4-MHz 80- 
family controller bus, it can also be connected 
directly with the bus of host MPU. 





Table 6. Programming Method Selec- 


tion 
Pins 
PMOD1 PMODO Programming Method 
0 0 Pin programming 
0) 1 Internal register With MPU 
1 0 Programming With ROM 
1 1 Prohibited (Note) 


Note: This combination is for a test mode and 


disables display. 


4-bit MPU 


RD DO—D3 


(1) Connection of MPU and LVIC 





(2) Connection of ROM and LVIC 


Figure 3. Connection of MPU or ROM and LVIC 
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Screen Size 


Screen size can be programmed either by 
pins or internal registers. 


In the pin programming method, the user 
may select either 640 dots or 720 dots (80 
characters or 90 characters) as the number of 
horizontal displayed characters with the 
XDOT pin, and: 200, 350, 400, 480, 512, or 540 
lines as the number of vertical displayed lines 
with YL2-YLO pins. The number of vertical 
displayed lines can be adjusted with ADJ and 
F3-F0O pins within +0 to +15 lines. 


In the internal register programming method, 


Number of horizontal displayed characters 


Pin: XDOT 


Register: Horizontal displayed characters 


register (R6, R7) 


LCD screen 





the user may select any even number from 32 
dots to 4048 dots (= 4 characters up to 506 
characters) with the horizontal displayed 
characters register (R6, R7), and any even 
number from 4 lines up to 1028 lines with the 
vertical displayed lines register (R2, R3 and 
the high-order two bits of R4). However, odd 
number of lines can also be selected when 
screen configuration is single and a Y-driver 
(scan driver) is set on one side of an LCD 
screen. 


Figure 4 illustrates the relation between an 
LCD screen and pins and internal registers 
controlling screen size. 


Number of vertical displayed lines 


Pin: YL2—YLO, ADJ, F3-—-FO 

Register: Vertical displayd lines 
register (R2, R3, high- 
order 2 bits of R4) 


Figure 4. Relation between LCD Screen and Pins and Internal Registers 
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Memory Selection 


The user may select 8-, 32-, or 64-kbyte 
SRAMs as buffer memory for the LVIC. Since 
the LVIC has a chip selector for these mem- 
ories, no external decoder is required. The 
user selects the memory with pins MS1 and 
MSO or with data bits MS1 and MSO of the 
control register 2 (R1). Table 7 lists the kinds 
of memories and pin address assignments. 


Memory capacity required depends on screen 
size and can be obtained with the following 
expression: 
Memory capacity (bytes) = Nhd x Nvd 
Nhd: number of horizontal displayed char- 
acters 


Nvd: number of vertical displayed lines 


For example, the screen of 640 x 200 dots 
requires 16-kbyte memory capacity since 80 
characters xX 200 lines is 16 kbytes. (8 dots 
compose a character.) 

Therefore, each plane needs two HM6264s, 
which has 8-kbyte memory capacity, in 8- 
level gray scale display modes. Conncet 
MCSO with one of the memories of each plane 
and MCS1 with the other (figure 5 (a)). 








When the screen size is 640 x 400 dots, 32- 
kbyte memory capacity is required (figure 5 
(b)). 

Therefore, each plane needs a HM62256, 
which has 32-kbyte memory capacity. 
Connect MCSO with CS of the memories here. 








Table 7. Memories and Pin Address Assignment 


Pins or Bits 


MS1 MSO 


Memory Address Output Pins 
0 0 No memory! — 
0) 1 8-kbyte MAO-MA12 
1 0 32-kbyte MAO-MA14 
1 1 64-kbyte MAO-MA15 
Note: 1. 


Chip Select Pins Address Assignment 


$0000-$1 FFF 





MCSO 

MCS1 $2000-$3FFF 
MA13 $4000-$5FFF 
MA14 $6000-$7 FFF 
MA15 $8000-$S9FFF 
MCSO $00000-$07FFF 
MCS1 $08000-$OFFFF 
MA15 $10000-$1 7FFF 
MCSO $O0000-$SOFFFF 
MCS1 $10000-$1 FFFF 


There are some limitations when the user uses no memory. Refer to “User Precautions.” 
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EX. 640 x 200 dot EX. 640 x 400 dot 


CS yme264 B SHm622568 


HM62256 


| HM6264 


(a) 16-kbyte Memory system (b) 32-kbyte Memory system 


Figure 5. Relation between Display Screen Memories 
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Display Modes LCD data output, how to set LCD drivers 
: around an LCD screen, how to arrange color 
The LVIC supports 16 display modes, depen- data (= type of stripes), and how to output M 
ding on the state of the DM3-DMO pins. The signal (= type of alternating signal). Table 8 Sy tou mle)" 
display mode consists of display color, type of lists display modes. 


1 


Table 8. Modes List 





LCD Data Output 





Mode Pins Display Data Screen LCD Driver Setting 

No. DM3 DM2 DM1 DMO Color Transfer Config. X-Driver? Y-Driver? Stripe* Alternating 
1 ) 0 0 0 Monochrome 4-bit Dual One side One side = Per frame 
2 0 0 O 1 Single 

31 0 0) 1 0 Both sides 

4 0 0 1 1 8-bit One side 

5! 0 1 0 0 Both sides 

6 0 1 O 1 8-level 4-bit Dual One side 

7 0 1 1 0 gray scale Single 

8 O 1 1 1 8-bit 

9! 1 0 0) 0 8-clolor 12-bit Vertical Per line 
10! 1 8) 0 1 (4 bits Both sides 

111 1 0 1 0 for R,G,B Both sides One side 

121 1 0 1 1 each) Both sides 

13) 1 1 0) 0 One side One side Horizontal 

141 1 1 0 1 Both sides 

15’ 1 1 1 0 Both sides One side 

161 1 1 1 1 Both sides 





Notes: 1. For TFT-type LCD. 

Data output driver 

Scan driver 

Refer to “Display Color, 8-Color Display.” 


re 
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Display Color 


The LVIC converts R, G, B, the color data for 
CRT display, into the monochrome, 8-level 
gray scale, or 8-color display data. 


Monochrome Display (Mode 1 to Mode 5): 
In monochrome modes 1-5, the LVIC displays 
two colors, namely black (= display on) and 
white (= display off). As shown in table 9, the 
OR of CRT display R, G, B data determines the 
display color. 


8-Level Gray Scale Display (Mode 6 to 
Mode 8): In 8-level gray scale modes 6-8, the 
LVIC thins out data on certain lines to display 
an 8-level gray scale according to CRT display 


Table 9. Monochrome Display 


CRT Display Data 


R G B CRT Display Color 
1 1 1 White 

1 1 0 Yellow 

0 1 1 Cyan 

0 1 0 Green 

1 O 1 Magenta 

1 0 @) Red 

0 0 1 Blue 

0 0 0 Black 


Table 10. 8-Level Gray Scale Display 


CRT Display Data CRT 
R G B Color 

1 1 1 White 

1 1 0) Yellow 

0 1 1 Cyan 

O 1 0 Green 

1 0 1 Magenta 

1 0 O Red 

0 0 1 Blue 

0 @) 0 Black 
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color (luminosity). Table 10 shows the relation 
between CRT display color (luminosity) and 
LCD color (contrast). 


8-Color Display (Mode 9 to Mode 16): In 8- 
color modes 9-16, the LVIC displays 8 colors 
with red (R), green (G), and blue (B) filters on 
liquid crystal cells. The eight colors are the 
same as those provided by CRT display. As 
illustrated in figure 5, 8-color display has of 
two stripe modes: horizontal stripe mode and 
vertical stripe mode. In the former mode, the 
LVIC arranges R, G, B data horizontally, with 
horizontal filters. In the latter mode, the LVIC 
arranges R, G, B data vertically, with vertical 
filters. Three cells express a dot in both 
modes. | 





LCD 
On/Off Color 
On Black 
On Black 
On Black 
On Black 
On Black 
On Black 
On Black 
Off White 
LCD 
Luminosity Color Contrast 
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X-driver X-driver 


SECTION 


R 
G 
B 


G 
B 

SS 

LI 

| 
’ 
' 
¢ 
t 
4 


R filter 
G filter 
B filter 
R 
G 


B | L_. B filter 
G filter 
R filter 


Vertical Stripe 





See Pe Pept ak ee ee max| 


Horizontal Stripe 





Figure 6. Stripe Modes in 8-Color Display 
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LCD System Configuration 


The LVIC supports the following system con- 
figurations for LCD: 


@ Types of LCD data output: 
—Data transfer: 4-bit, 8-bit, or 12-bits (4 
bits for R, G, B each) 
—Screen configuration: Single or dual 


Up panel X—driver 


iver 


Y-dr 
yee | 


Down panel X~-driver 


System Configuration for Mode 1 and Mode 6 (4- 
Bit Data Transfer, Dual Screen, X—Driver and Y- 
Driver on One Side Each) (Note) 


4-bit 


4-, 8-, 12-bit 


System Configuration for Modes 3, 5, 10, and 14 
(4-, 8-, or 12—Bit Data Transfer, SingleScreen, X- 
Driver on One Side and Y-Driver on Both Sides) 


How to set LCD drivers around LCD 
screen: 

—X-driver: On one side or on both sides 
—Y-driver: On one side or on both sides 


Figure 7 illustrates these system configura- 
tions by mode. 


4-, 8-, 12-bit 


System Configuration for Modes 2, 4, 7, 8,9, and 
13 (4—, 8-, or 12-Bit Data Transfer, Single Screen, 
X-Driver and Y—Driver on One Side Each) 


Y-driver 
maa 
' QO 
n 
s 
© 
© 
3 


Down X-—driver 


12-bit 


- System Configuration for Mode 11 and Mode 15 


(12-Bit Data Transfer, Single Screen, X—Driver on 
Both Sides and Y—Driver on One Side) 


Note: Although there are two X-drivers, the X-driver is considered to be set on one 
side, not on both sides, because the LCD up panel and down panel are each 


regarded as one screen. 





Figure 7. System Configurations by Mode 
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Calculation of LDOTCK Here f, must hold the following relation, 
where fp is frequency of dot clock for CRT 


LDOTCK frequency ft is calculated from the display (= DOTCLK). 


following expression: f. < fp xX 15/16 or 
f, = (Nhd + 6) X 8 X Nvd &X fr f, = fp (The LDOTCK phase must be inverse 
Nhd : number of horizontal characters dis- of the DOTCLK phase in this case) 


played on LCD 
Nvd : number of virtical displayed lines on 
LCD 
fr : FLM frequency 


Up X-driver 


p _ 

®o 
S $ 
= eam 
3 i 
> > 
i = 
ba [) 

oc 


Down X-driver 
12-bit 
System Configuration for Mode 12 and Mode 16 


(12-Bit Data Transfer, Single Screen, X—Driver 
and Y—Driver on Both Sides Each) 


Notes: 1. X-drivers on both sides: Data output wires run from up and down X-drivers 
alternately, which widens the interval between wires to twice that in case of an X- 
driver an one side (figure 8). 
Y-drivers on both sides: Line select signal output wires run from right and left Y- 
drivers alternately, which widens the interval between wires to twice that in case of 


Y-driver on one side (figure 9). 





Figure 7. System Configurations by Mode (cont) 


Up X-—driver 


Data output 


| [Zone 
<< 


wires 


Left Y-driver 
Right X-driver 


‘Signal output wires 








Figure 8. X-Drivers on Both Sides Figure 9. Y-Drivers on Both Sides 
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Display Timing Signal Generation 


CRT display data is classified into display 
period data and retrace period.data. Only 
display period data is necessary for LCD. 
Therefore, the LVIC needs a signal announc- 
ing whether the CRT display data transferred 
is for the display period or not. This signal is 
the display timing signal. 


The LVIC can generate the display timing 
signal from HSYNC and VSYNC. Figure 10 
illustrates the relation between HSYNC, V- 
SYNC, the display timing signal (DISPTMG), 
and display data. Y lines and X dots in the 
figure are specified by the vertical backporch 
register (R12, R13) and the horizontal back- 
porch register (R14, R15) respectively. 


VSYNC | | 


Y lines (= Vertical backporch) 


HSYNC | | | | 


X dots (= Horizontal backporch) 


DISPTMG | | | | | 


| Display period Retrace period 


(= No. of horizontal 
displayed characters) 


Display 
data 





Figure 10. Relation between HSYNC, VSYNC, DISPTMG, and Display Data 
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Dot Clock Generation 


The dot clock, which is a data latch clock, is 
not a standard video signal and does not 
appear from the CRT display plug. Thus it is 
necessary to generate the dot clock. The 
LVIC has a programmable counter and a 
phase comparator which are parts of a PLL 
circuit, and can generate the dot clock from 
HSYNC if a charge pump, a low pass filter 
(LPF), and a _ voltage-controlled oscillator 
(VCO) are externally attached. 


Figure 11 is a block diagram of a PLL circuit. A 
PLL (phase-locked loop) circuit is a feedback 
controller regenerating a clock whose fre- 
quency and phase are the same as those of a 
basic clock. The basic clock is HSYNC here. 


At power-on,VCO outputs to the program- 
mable counter a signal whose frequency 
depends on the voltage at the time. The 


Phase 
comparator aR LPF 


inside LVIC 


Written value in 


PLL frequency-dividing ratio == 
register (R10, R11) 


Timing clock generator 
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counter divides the frequency of the signal 
according to the value in the PLL frequency- 
dividing ratio register (R10, R11) and outputs 
it to the phase comparator. This is the 
frequency-divided clock. 


The comparator compares the edges of the 
clock and HSYNC and outputs CU or CD 
signal to the charge pump and LPF according 
to the result. The comparator outputs CU 
when the frequency of the clock is lower than 
that of HSYNC or when the phase of the clock 
is behind that of HSYNC, while it outputs CD 
in the contrary case. The charge pump and 
LPF apply voltage to the VCO according to 
CU or CD signal. 





This operation is repeated until the phase 
and the frequency of the frequency-divided 
clock coincide with those of HSYNC, making 
it a stable dot clock. 


Charge pump 


Frequency- 
divided clock 


Programmable 
counter 


| DOTCLK 


Figure 11. PLL Circuit Block Diagram 
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Doubled-in-Height Display 


Doubled-in-height display doubles characters 
and pictures in height as illustrated in figure 
12. 


In TN-type LCD modes (= modes 1, 2, 4, 6, 7, 
and 8), CL3 frequency is twice as high as CL1 
frequency (figure 13). As a result, using CL3 
instead of CL1 as a shift clock (figure 14) 
enables two lines to be selected while an X- 
driver (data output driver) is outputting the 
same data, realizing doubled-in height dis- 


Normal display 





play. However, the following procedures are 
necessary in this display since multiplexing 
duty ratio becomes twice as great as the 
value specified as the number ‘of vertical 
displayed lines. 


1. Halve the frequency of the LCD dot 
clock (= LDOTCK) 

2. Halve the number of vertical displayed 
lines 


This function is provided only for TN-type 
LCD. 


Doubled-in-height display 


Figure 12. Doubled-in-Height Display Example 
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CLI | 
SECTION 
CL3 


1 


Praca | 
suteue” (2a t Saeee ees ee 


~ \ 





Figure 13. Relation between CL1 and CL3 in Modes 1, 2, 4, 6, 7, and 8 


4-8 bit 
LUO—LU3, LDO—LD3 


CL1 X-driver (data output driver) 
C= SS 


| = 


Figure 14. Connection for Doubled-in-Height Display 


_ 
® 
2 
= 
xe) 
c 
© 
Oo 
= 
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o 
2 
= 
a 
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Display Timing Signal Fine Adjusment 


When the display timing signal is supplied 
externally, a phase shift might appear 
between CRT data and the display timing 
signal. This is because each signal has its own 
peculiar lag. The LVIC can adjust the display 
timing signal with the FO-F3 pins or the fine 
adjust register (RY) to correct this phase shift. 


Table 11 shows the relation between F3-F0 
pins, data bit 3 to data bit 0 of the fine adjust 
register, and fine adjustment. Concerning the 
polarity of the number of dots adjusted, — 
indicates advancing the phase of the display 
timing signal and + indicates delaying it. F3 


Table 11. Pins, Data Bits of R9, and Fine 


pin or data bit 3 of RY selects the polarity. The 
adjustment reference point is the display 
start position. 


Figure 15 shows examples of adjusting the 
display timing signal. Since the signal is two 
dots ahead of the display start position in 
case (1), (F3, F2, F1, FO) or (data bits 3, 2, 1, 0 of 
R9) should be set to (1, 0, 1, 0) to delay the 
signal for two dots. Since the signal is two 
dots behind the display start position in case 
(2), they should be set to (0, 0, 1, 0) to advance 
the signal for two dots. When there is no need 
to adjust the signal, settings of either (0, 0, 0, 

QO) or (1, 0, O, 0) will do. . 
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Adjustment 

Pin: F3 F2 F1 FO Number of Dots 
RO Bit: 3 2 #1 0 Adjusted 
Oo 0 0 0 0 

Oo oO 1 - 1 

1 1 O -~ 6 

1 1 1 ae f 

1 0 oO 0 0 

Oo oO 1 + 1 

1 1 0 +6 

1 1 1 + 7 
Note: When adjusting the display timing signal 

with pins, set ADJ pin to 1. 
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}~«—— Display start position 
I 


; SECTION 


CRT data 


| two dots advanced 
i 


1 


DISPTMG 
before adjustment 





Display Timing Adjust ) 
(F3, F2, F1, FO,)/ 
(Data bits 3, 2, 1, 0 of RQ) 
= (1,0, 1, 0) 


DISPTMG 
after adjustment 


(1) Delaying DISPTMG 


}~——- Display start position 
| 
a 


CRT data 


ace erate Res SY 
| two dots delaied 
| 


| DISPTMG 


before adjustment 
Display Timing Adjust 
(F3, F2, F1, FO)/ 
(Data bits 3, 2, 1, O of R9) 
= (0, O, 1, O) 


DISPTMG 
after adjustment 


(2) Advancing DISPTMG 





Figure 15. Adjustment of Display Timing Signal 
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Internal Registers 


The LVIC has an address register (AR) and 
sixteen data registers (RO-R15). In order to 
specify one of the sixteen data registers, 
write its register address into the address 
register. The MPU transfers data to the data 
register corresponding to the written 
address. 


All the registers are valid only when the LVIC 
is controlled by the internal register pro- 
gramming method and are invalid (don't 
care) when by the pin programming method. 


Address Register (AR) 


The address register (figure 16) is composed 
of four bits and specifies one data register out 
of sixteen. This register is selected by the 
MPU when RS pin is low and specifies any 
data register with the register address writ- 
ten by the MPU. 


Control Register 1 (RO) 


Control register 1 (figure 17) is composed of 
four bits, including two invalid bits. Each of 
two valid bits has its own function. Reading 
from and writing into invalid bits are passible. 
However, these operation does not affect the 
LSI function. | 


@ DSP Bit 7 
—DSP = 1: LVIC generates the display 
timing signal 
—DSP = 0: LVIC does not generate the 
display timing signal 
(If DCK = 1, the display timing signal is 
generated in spite that DSP = 0) 


@ DCK Bit - = 
—DCK = 1: LVIC generates the dot clock 
—DCK = 0: LVIC does not generate the 

dot clock 


a 





Figure 16. Address Register 


["baese sf 3 sp 2 pt 








| Function s§ « LZA7,_—CSP 








Figure 17. Control Register 1 
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Control Register 2 (RO) 


Control register 2 (figure 18) is composed of 
four bits and has three functions. 


@ MC Bit 
—MC = 1: M signal alternates per line 


—MC = 0:M signal alternates per frame 


@ DON Bit 
—DON = 1: Display on 
—DON = 0: Display off 


@ MSi and MSO Bits 
—Select the memory type (table 12) 


Vertical Displayed Lines Register (R2, 
R3, High-Order 2 Bits of R4), CL3 Period 
Register (Low-order 2 Bits of R4, R5) 


The vertical displayed lines register (figure 
19) is composed of ten bits (R2 + R3 + high- 
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order two bits of R4) and specifies the num- 
ber of vertical displayed lines. This register 
can specify both even and odd numbers in 
modes for a Y-driver on one side and single 
screen configuration, but even numbers only 
in the other modes. The value to be written 
into this register is (Nvd — 1), where Nvd = 
number of vertical displayed lines. 

The CL3 period register is composed of six 
bits (low-order two bits of R4 + R5) and 
specifies the period of CL3 in 8-color display 
modes with horizontal stripes. Thus this reg- 
ister is invalid in the other modes. CL3 is a 
clock for the LVIC to output R, G, B data 
separately to LCD drivers. The value to be 
written into this register is (Nhd + 6) x 1/3 — 
1, where Nhd = number of horizontal dis- 
played characters. When (Nhd + 6) is not 
divisible by 3, the quotient should be rounded 
up or rounded down. 





Table 12. Memory Type and MSi1, MSO 





MS1 MSO Memory Type 
0 0 No memory 

) 1 8-kbyte 

1 0) 32-kbyte 

1 1 64-kbyte 





Data Bit 


| DataBit | 3] 2{/3]{2}1}o{3]2]1]o| 





Nvd — 1 (Unit: Lines) 


Vertical Displayed Lines Register 


(Nhd + 6) x 1/3 -1 
(Unit: Characters) 


CL3 Period Register 





Figure 19. Vertical Displayed Lines Register and CL3 Period Register 
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Horizontal Displayed Characters Regis- 
ter (R6, R7) 


The horizontal displayed characters register 
(figure 20) is composed of eight bits (R6 + R7) 
and specifies the number of horizontal dis- 
played characters. This register can specify 
even numbers only. The most significant bit 
of R6 is invalid in the modes for dual screen 
configuration. When writing into this regis- 
ter, shift (Nhd — 1) in the low-order direction 
for one bit to cut off the least significant bit. 
Figure 20 shows how to write a value into the 
register when Nhd = 90. 


CL3 Pulse Width Register (R8) 


The CL3 period register (figure 22) is com- 
posed of four bits and specifies the high-level 
pulse width of CL3. When controlling TFT- 
type LCDs, each gate of the LCD has to hold 
data from the time a Y-driver outputs the line 
select and shift signal to the time an X-driver 
the outputs next display data. Data must be 
held while CL3 is high. However, even when 
the LVIC is not controlling TFT-type LCDs, 
CL3 appears with the high-level pulse width 
specified by this register. 


TT: Se 
| DataBit =| 3 | 2} 1/0} 3) 2) 1/0 
a 


Nhd — 1 without its least significant bit (Unit: Characters) 





Figure 20. Horizontal Displayed Characters Register 





Figure 21. How to Write The Number of Horizontal Displayed Characters 


Data Bit 


TN-type LCD modes: Npw 
TFT-type LCD modes: Npw — 5 (Unit: Characters) 
Npw = number of horizontal characters while CL3 is high 





Figure 22. CL3 Pulse Width Register 
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Fine Adjust Register (RQ) 


The fine adjust register (figure 23) is com- 
posed of four bits and adjusts the externally 
supplied display timing signal to synchronize 
its phase with that of LCD data. The value to 
be written into this register is determined by 
the interval between the positive edge of the 
display timing signal and the display start 
position. For more details, refer to “Display 
Timing Signal Fine Adjustment.” This register 
is invalid when the display timing signal is 
generated internally. 


PLL Frequency-Dividing Ratio Register 
(R10, R11) 


The PLL frequency-dividing ratio register 
(figure 24) is composed of eight bits (R10 + 


oe 
[baa (3 [2]7][o. 
7) ae a 
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R11) and specifies the PLL frequency-dividing 
ratio for generating a dot clock by a PLL 
circuit. The value to be written into this reg- 
ister is determined by the ratio of the fre- 
quency of HSYNC to that of the dot clock 
which the user wants. This register is invalid 
when the dot clock is supplied externally and 
is valid only when the LVIC is controlled by 
the internal register programming method 
and the DCK bit of control register 1 (RO) is 1. 
The written value in this register (Npzz) is 
obtained with the following expression: 

Netz =Necht x 8 — 731 

Ncht: total number of characters for CRT 

Ncht can be obtained as follows from the 

specifications of a CRT monitor: 

Ncht = 1/8 Xx (DOTCLK frequency)/ 

(HSYNC frequency) 


Absolute value of Nda (Unit: Dots) 


Selects polarity { 


O: + (Advance the display timing signal) 
1: — (Delay the display timing signal) 


Nda = number of dots adjusted 





Figure 23. Fine Adjust Register 





Frequency-Dividing Ratio 
HSYNC : Dot Clock 


Figure 24. PLL Frequency-Dividing Ratio Register 
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Vertical Backporch Register (R12, R13) 


The vertical backporch register (figure 25) is 
composed of eight bits (R12 + R13) and spec- 
ifies the vertical backporch. The vertical 
backporch is the number of lines between the 
positive edge of VSYNC and that of the dis- 
play timing signal (DISPTMG). For more 
details, refer to “Display Timing Signal Gen- 
eration.” This register is invalid when the 
display timing signal is supplied externally 
and is valid only is a system which controls 
the LVIC by the internal register program- 
ming method and where the DSP bit of con- 
trol register 1 (RO) is 1. (If the DCK bit of 
control register 1 (RO) is 1, DISPTMG will 
always be regenerated and the register is 
enabled even when DSP = 0.) 


Horizontal Backporch Register (R14, R15) 


The horizontal backporch register (figure 26) 
is composed of eight bits (R14 + R15) and 
specifies the horizontal backporch. The hori- 
zontal backporch is the number of characters 
between the posive edge of HSYNC and that. 
of the display timing signal (DISPTMG). For 
more details, refer to “Display Timing Signal 
Generation”. This register is invalid when the 
display timing signal is supplied externally 
and is valid only in a system which controls 
the LVIC by the internal register program- 
ming method and where the DSP bit of con- 
trol register 1 (RO) is 1. (If the DCK bit of 
control register 1 (RO) is 1, DISPTMG will 
always be generated and this register is 
enabled even when DSP = 0.) 


|_Datapit | 3] 2) 1)o0}3}2}1/ 07 
pValue 


Ncvbp — 1 (Unit: Lines) 


Ncvbp = number of lines between the positive edge of VSYNC and 


that of DISPTMG 





Figure 25. Vertical Backporch Register 


[pataae (3]2]i [ol] 3) 


pt OS 


Nchbp x 8 — 1 (Unit: Dots) 
Nchbp = number of characters between the positive edge of HSYNC and 
that of DISPTMG 


( 





Figure 26. Horizontal Backporch Register 
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Reset 


RES pin resets and starts the LVIC. Make sure 
to hold the reset signal low for at least 1 us 
after power-on. 


Reset is defined as shown in figure 27. 
State of Pins During Reset 


RES basically does not control output pins 
and operates regardless of the other input 
pins. Output pins can be classified into the 
following five groups depending on their re- 
set state. 


1. Keeps state before reset: CL2 

2. Driven to high-impedance state (fixed 
low when using no memory): RDO-RD7, 
GDO0-GD7, BDO-BD7 Lo 

3. Fixed high: MWE, CL4, M, CD, MCS1 


HD66840 


4. Fixed low: MAO-MA12, RO-R3, GO-G3, BO- 
B3, CS, CL1, CL3, FLM, A0-A3, CU 

5. Fixed high or low depending on the 
memory in use (table 13): MA13-MA15, 
MCSO 


State of Registers During Reset 


RES pin does not affect register contents. 
Therefore, registers can be both read and 
written by the MPU even during reset. Reg- 
isters keep the contents they had before reset 
until they are rewritten. 


Memory Clear Function 
After reset, the LVIC writes 0 in the memory 


area specified by MSELO and MSEL1 (table 7) 
regardless of R, G, B data. 





Table 13. Memory Type and State of Pins During Reset 





Kind of Memories MA13 MA14 MA15 MCSO 
No memory Low Low High High 
8-kbyte memory High High High Low 
32-kbyte memory Low Low High Low 
64-kbyte memory Low Low Low Low 


After reset 


During reset 
(Reset state) 


At reset 





‘Figure 27. Reset Definition 
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User Precautions 


1, 


There are following limitations when the 
user uses no memory. SEEDS 0, MSEL1 
= 1) 


@ The display modes for dual screen 
configuration (= mode 1 and mode (6) 
are disabled. 


@ The LVIC cannot support the LCD 


systems with Y-drivers on both sides. 
Even if the user selects the mode for 
the system with Y-drivers on both 
sides (= mode 3, 5, 10, 12, 14, or 16), 
the operation of the LVIC is exactly 
the same as that in the mode for the 
system with Y-driver on one side (= 
mode 2, 4, 9, 11, 13, or 15). 

And leave CL4 terminal disconnected 
in this usage. 


The LVIC might operate irregularly until 
the internal registers have been written 
after reset in the system which controls 
the LVIC by internal register piograns: 
ming method. 


Memory clear function might not work 
normally at power-on or after reset if 
MSELO and MSEL1 are not properly set to 
the value corresponding to ie memories 
in use. 


Since the LVIC is a CMOS LSI, input pins 
must not. be left disconnected. Refer to 
table 1 concerning how to deal with each 
pin. | | 





Programming 


The values written in internal registers have 
the limit listed in table 14. The symbols in the 


table are difined as shown in table 15 and 
figure 27. 





Table 14. Limit on Values Written in Registers 


Function Limit Notes Applicable Registers 
Screen 4 = Nvd S (Nevbp + Nevsp) - 1 S 1,8 R2, R3, R4, R6, R7 
Configuration §4 = Nhd S (Nchbpx 1/n + Nchsp) — 1 S 506 | 
(Nhd + 6) X n x Nvd Xfp. Ss fp S 30 MHz 2,8 R2, R3, R4, R6, R7 
CL3 Control 1 = Npw S (Nhd + 6) x 1/2 -1 3 R4, R5, R6, R7, R8 
1 = Npw S Nhd 4 
1 S Npw S Nopc —1 5 
DISPTMG 1 = Nchbp =256 6 R12, R13, R14, R15 
Regeneration 1 = Nevbp = 256 6 
Without 4 = Nhd S Nechsp —- 4 7 R2, R3, R4, R6, R7 
Buffer Memory 4 S Nvd S Nevsp — 4 7 


Nhd = 256 in dual screen configuration (= mode 1 and mode 6).. 


fe: FLM frequency, fp: frequency of CRT dot clock, f.: frequency of LCD dot clock for LCD 


(value in R8) + 5) 


Ncvbp + Necvsp 


n: Horizontal character pitch (the number of horizontal dots in one character). 


Notes: 1 
2 
fi < fp x 15/16, or fi = fp 
3. In modes 1, 2, 4, 6, 7, and 8 
4. In modes 3. 5, 9, 10, 11, and 12 (Npw 
5. In modes 13, 14, 15, and 16 (Npw = (value in R8) + 5) 
6. Value in R14, R15 s (Nchsp X n + Nchbp) — Nhd x n —- 2 
Value in R12, R13 3S (Nevsp + Nevbp) — Nvd — 2 
7. Nht = Nchsp + Nchbp x 1/n, Nd = 
(Nht = Nhd + 6, Nd = Nvd when using buffer memory) 
8 
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Table 15. Symbol Definition 





Symbol Definition 
Nchd Number of horizontal displayed characters on CRT display SECTION 
Nchsp Number of characters between the positive edge of DISPTMG and that of HSYNC (= Horizon- 
tal sync position) 
Nchbp Number of dots between the positive edge of HSYNC and that of DISPTMG (= horizontal 1 
backporch) 
Nevbp Number of lines between the negative edge (positive edge when VSYNC is high in active state) 
of VSYNC and the first positive edge of DISPTMG (= vertical backporch) 
Nevsp Number of lines between the first positive edge of DISPTMG and the next negative edge of 
VSYNC (= vertical sync position) 
Nevd Number of vertical displayed lines on CRT display 
Nhd Number of horizontal displayed characters (on LCD) 
Npc Number of characters during CL3 period (= CL3 pulse cycle) 
Npw Number of characters while CL3 is high (= CL3 pulse width) 
Nht Total number of horizontal characters 
Nvd Number of vertical displayed lines (on LCD) 
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Figure 28. Symbol Definition 
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Absolute Maximum Ratings 














item Symbol Ratings Unit 
Power supply voltage Vee -—- 0.3 to + 7.0 V 
Input voltage Vin — 0.3 to Vec + 0.3 V 
Operating temperature Te - 20to + 75 °C 
Storage temperature Tstg —- 55 to + 125 °C 





Notes: 1. Permanent LSI damage may occur if maximum ratings are exceeded. Normal operation 
should be under recommended operating conditions (Vcc =5.0 V + 10%, GND = OV, Ta 
= —20°C to + 75°C). If these conditions are exceeded, it could affect reliability of the LSI. 

2. All voltages are referenced to GND = OV. 





Electrical Characteristics 


DC Characteristics 1 (Vcc = 5.0 V + 10%, GND = OV, Ta = — 20°C to + 75°C, unless otherwise 


noted) 
item Symbol Min Max Unit Test Conditions 
Input high voltage RES Vin Veo - 0.5 Veco + 0.3 V 
TTL interface’ 2.0 Vec + 0.3 
TTL interface* 22 Vec + 0.3 
CMOS interface! 0.7 Vcc Vec + 0.3 
Input low voltage TTL interface’ ViL -0.3 0.8 V 
TTL interface® -0.3 06 — 
CMOS interface’ —0.3 0.3 Vec 
Output high voltage = TTL interface? _ Vou 2.4 = V lon = —200 vA 
CMOS interface2 Vec - 0.8 — loo = —200 nA 
Output low voltage TTL interface2 VoL = 0.4 V lo. = 1.6 mA 
CMOS interface? a 0.8 lo. = 200 nA 
Input leakage current All inputs except Ne 225 2.5 uA 
1/O common pins? 
Three state (off-state) 1/O common pins? — Itst -10.0 10.0 uA 
leakage current 
Current consumption — lec =s 250 mA fpotcyk = 30 MHz 


Output pins left 
disconnected 


Notes: 1. TTL interface inputs: R, G, B, HSYNC, VSYNC, DISPTMG, RDO-RD7, GDO-GD7, BDO- 

BD7, DO-D3, AO/RD/XDOT, RS/ADJ, CS/MSO 
CMOS interface inputs: DMO-DM3, DOTE, PMODO, PMOD1, A1/YLO-A2/YL2 

2. TTL interface outputs: AO/RD/XDOT, A1/YLO-A3/YL2, DO-D3, RDO-RD7, GDO-GD7, 
BDO-BD7, MAO-MA15, MCSO, MCS1, MWE 
CMOS interface outputs: CU, CD, RO/LUO-R3/LU3, GO/LDO-G3/LD3, BO-B3, M, FLM, 
CL1,CL2, CL3,CL4 

3. 1/0 common pins: AO/RD/XDOT, A1/YLO-A3/YL2, DO-D3, RDO-RD7, GDO-GD7, BDO- 
BD7 
Inputs except 1/O common pins: HSYNC, VSYNC, PMODO, PMOD1, RS/ADJ, CS/MSO, 
WR/MS1, RES, DOTE, DMO-DM3, LDOTCK, DOTCLK, R, G, B, DISPTMG 

4. TTL interface: WR/MS1, LDOTCK, DOTCLK 

5. TTL interface: WR/MS1 
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DC Characteristics 2 (Veo = =50V+5%,GND = OV, Ta = — 20°C to + 75°C, unless otherwise 


noted) 
item Symbol Min Max Unit Test Conditions 
Input high voltage RES Vin Vec - 0.5 Veco + 0.3 V 
TTL interface’ 2.0 Vec + 0.3 
CMOS interface’ 0.7 Vcc Vec + 0.3 
Input low voltage TTL interface!’ ViL -0.3 0.8 V 
CMOS interface’ -0.3 0.3 Vcc 
Output high voltage —— TTL interface Vou 2.4 es V lon = —200 vA 
CMOS interface? Vec - 0.8 — lon = —200 “vA 
Output low voltage TTL interface2 Vot = 0.4 V lo. = 1.6 mA 
CMOS interface? o 0.8 lo. = 200 nA 
Input leakage current All inputs except hie =2.5 2.5 uA 
\/O common pins? 
Three state (off-state) 1/O common pins? Its. -—10.0 10.0 uA 
leakage current 
Current consumption — lec = 250 mA fooTcLk = 30 MHz 


Notes: 1. 
2. 
3. 


586 


Output pins left 
disconnected 


TTL interface inputs: R, G, B, HSYNC, VSYNC, DISPTMG, DOTCLK, LDOTCK, RDO-RD7, 
GDO-GD7, BDO-BD7, DO-D3, AO/RD/XDOT, RS/ADJ, CS/MSO, WR/MS1 

CMOS interface inputs: DMO-DM3, DOTE, PMODO, PMOD1, A1/YLO-A2/YL2 

TTL interface outputs: AO/RD/XDOT, A1/YLO-A3/YL2, DO-D3, RDO-RD7, GDO-GD7, 
BDO-BD7, MAO-MA15, MCSO, MCS1, MWE 

CMOS interface outputs: CU, CD, RO/LUO-R3/LU3, GO/LDO-G3/LD3, BO-B3, M, FLM, 
CL1,CL2,CL3,CL4 __ 

1/0 common pins: AO/RD/XDOT, A1/YLO-A3/YL2, DO-D3, RDO-RD7, GDO-GD7, BDO- 
BD7 

Inputs except [/O common pins: HSYNC, VSYNC, PMODO, PMOD1, RS/ADJ, CS/MSO, 
WR/MS1, RES, DOTE, DMO-DM3, LDOTCK, DOTCLK, R, G, B, DISPTMG 
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AC Characteristics (Vcc = 5.0 V +10 %, GND = OV, Ta = —20°C to +75 °C, unless otherwise 





noted) 

Video Signal Interface (1) (HD66840F30: 30 MHz) (Vcc = 5.0V + 5%) oy =f OM BO] 
Item Symbol Min Max Unit Remark 

DOTCLK cycle time tcycp 33 1000 ns 1 
DOTCLK high-level pulse width tWDH 16.5 a ns 

DOTCLK low-level pulse width twoL 16.5 == ns 

DOTCLK rise time tor — 5 ns 

DOTCLK fail time tori ca 5 ns 

R, G, B, setup time tvps 10 = ns 

R, G, B, hold time tvDH 10 = ns 

DISPTMG setup time tots 10 a ns 

DISPTMG hold time toTH 10 = ns 

HSYNC setup time tuss 10 = ns 

HSYNC hold time tHsSH 10 ae ns 

Phase shift setup time tpps 2 tcycp = ns 

Phase shift hold time tepH 2 tcycp aes ns 

Input signal rise time tor2 = 10 ‘a Except DOTCLK 

Input signal fall time toro oe 10 ns Except DOTCLK 
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Video Signal Interface (2) (HD66840F25 : 25MHz) 


item 


DOTCLK cycle time 


DOTCLK high-level pulse width 
DOTCLK low-level pulse width 


DOTCLK rise time 
DOTCLK fall fine 

R, G, B, setup time 
R, G, B, hold time 
DISPTMG setup time 
DISPTMG hold time 
HSYNC setup time 
HSYNC hold time 
Phase shift setup time 
Phase shift hold time 
Input signal rise time 


Input signal fall time 


Symbol 
tcycp 
tWoH 
tWwoL 
tor1 
tort 
tvps 
tvDH 
tots 
toTH 
tHss 
THSH 
tpps 
tPDH 
tor2 


tor2 


Min 
40 


10 
10 
10 
10 
10 
10 
2 tcycp 


2 tcycp 


— 
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Max 
1000 


10 
10 


Unit 


Remark 


Except DOTCLK 
Except DOTCLK 
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SECTION 


toyed 
| twor twou 
tori 


; 
DOTCLK 2. 





HSYNC 








DOTCLK 


DISPTMG 


HSYNC 


0.8V 
tpon teps 
VSYNC ge 2.0 V 
0.8V 


Figure 29. Video Signal Interface 
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Buffer Memory Interface 





item Symbol Min Max Unit 
Read cycle time trc 5 tcycp — 50 = ns 
RDO-RD7, GDO-GD7, BDO-BD7 tsmp 25 | — ns 
data setup time 

RDO-RD7, GDO-GD7, BDO-BD7 tump 0 = | ns 
data hold time 

Write cycle time twc 6 tcycp — 50 = ns 
Address setup time tas tcycp — 30 _ ns 
Address hold time : twr tcycp — 30 aa ns 
Chip select time tow 4 tcycp — 40 7 ns 
Write pulse width twp 4 tcycp — 40 = ns 
RDO-RD7, GDO-GD7, BDO-BD7 Tsmow 2 tcycp — 25 ral ns 
Output setup time 

RDO-RD7, GDO-GD7, BDO-BD7 tumow 0 = ns 


output hold time 


Note: tcycp indicates DOTCLK cycle time (min 33 ns, max 1000 ns). 


@ HITACHI | 
590 Hitachi America Ltd. ¢ Hitachi Plaza ¢ 2000 Sierra Point Pkwy. © Brisbane, CA 94005-1819 © (415) 589-8300 


00€8-68S (Slr) © GL8L-SO0PE VO ‘BUGS © ‘AMYq UO BAIS 0007 © BZiq 1YDeYH © py] BOW 1ydeIIH 


16S 


IHOVLIH © 


MAO~MA15 


RDO~RD7, GDO~GD7 
BDO~BD7 
(Memory — LVIC) 


. ~ 


T, (= 5 teycp) T2 (= 5 teycp) T3 (= 6 tevep) 


— 


a | 


CL — an _ Wg 





Figure 30. Buffer Memory Interface (RAM Read Timing) 
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Figure 31. Buffer Memory Interface (RAM Write Timing) 
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LCD Driver Interface (TN-Type LCD Driver) 





Item Symbol Min Max Unit | 
CL2 cycle time twcL2 166 oe ns SECTION 
CL2 high-level pulse width wees 50 = ns 1 
CL2 low-level pulse width twe.aL 50 a ns 

CL2 rise time tcLar =a 30 ns 

CL2 fall time tcLar a 30 ns 

CL1 high-level pulse width tWCLIH 200 = ns 

CL1 rise time tcLtr oad 30 ns 

CL1 fall time tcLi¢ = 30 ns 

CL1 setup time tscit 500 ime ns 

CL1 hold time tHCL1 200 as ns 

FLM hold time tHe 200 as ns 

M output delay time tom es 300 ns 

Data delay time top — 20 20 ns 

LDOTCK cycle time twLDoT 41 Sea ns 


Note: All the values are measureed at fcr2 = 6 MHz. 
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LCD Driver Interface (TFT-Type LCD Driver) 


item 
CL2 cycle time (X drivers on one side) 


CL2 high-level width (X drivers 
on one side) 


CL2 low-level width (X drivers 
on one side) 


CL2 cycle time (X drivers on both side) 


CL2 high-level width (X drivers 
on both side) 


CL2 low-level width (X drivers 
on both side) 


CL2 rise time 

CL2 fall time 

CL1 high-level width 
CL1 rise time 

CL1 fall time 

Data delay time 
Data set up time 
Data hold time 

CL1 setup time 
CL1 hoid time 

CL3 delay time 

M delay time 

FLM hold time 
LDOTCK cycle time 


‘Symbol | Min 
trcL2s 133 
tTcL2Hs 30 
tTcLais 30 
trcL2p 266 
trcL2HD 80 
trcL2Lp 80 
tcL2r 
tcvat 
tTcL1H 200 
te.ir 
tcf 
top1 —20 
tLos 15 
tLbH 15 
tTscLi 500 
trHcLt 200 
toc3 50 
tom 
fed 200 
twLDoT 33 
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Max 


30 
30 


30 


30 
20 


300 


Unit 
ns 


ns 


ns 


ns 


Ns 


ns 


ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
Ns 


ns 


Remark 


Figure 34,35 
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Figure 32. LCD Driver Interface (TN-Type LCD Driver Interface) 
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CL2 
RO—R3 
GO—G3 
BO—B3 


X drivers on 
both sides 


CL2 


trHcu1 


toxtt A toci3 





Figure 35. CL1, CL3, CL4, FLM, M (Reduced view of figure 34 at the horizontal oure 
mode) 
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Register Progrmming, MPU Write 





item Symbol Min Max Unit 

RD high-level pulse width tWRDH 190 — ns SECTION 
RD low-level pulse width ABE 190 es ns 1 
WE high-level pulse width tae 190 — ns | 

WE low-level pulse width RAE 190 — ns 

CS, RS setup time tas 0 — ns 

CS, RS hold time tay ©) — ns 

DO-D3 setup time tosw 100 a ns 

DO-D3 hold time toHw 0 = ns 

DO-D3 output delay time toor = 150 ns 

DO-D3 output hold time toHR 10 as ns 





Figure 36. MPU Write Timing 
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Register Programming, ROM Write 


item Symbol | Min Max Unit 

A cycle time tcyca 528 = ns 
Arise fine tar = 100 ns 

A fall time tar = 100 ns 

D ROM data setup time toswo 120 = ns 

D ROM data hold time toHwp 0 se ns 


Note: tcyca = 16 tcycp 


tar tat 


AO—A3 
(LVIC->ROM) 


DO—D3 : 
(ROM—LVIC) 





Figure 37. ROM Write Timing 


© HITACHI 
598 Hitachi America Ltd. © Hitachi Plaza © 2000 Sierra Point Pkwy. © Brisbane, CA 94005-1819 « (415) 589-8300 





HD66840 


PLL Interface 

item Symbol Min Max Unit 

CU fall delay time tur — 80 ns SECTION 
CU rise delay time tur —~ 80 ns 1 

CD fall delay time tor — 80 ns 

CD rise delay time tor —~ 80 ns 





Reset Input 


item Symbol Min Max Unit 





RES input pulse width tres 1 —_ “us 


DOTCLK 





Figure 38. PLL Interface 


tRES 


a 
m 


Figure 39. Reset Input 
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Load Circuits _ 
TTL Load 
Pin 


MAO-MA15, MWE, MCSO,MCS1, 
RDO-RD7, GDO-GD7, BDO-BD7 


AO/RD/XDOT, A1/YLO-A3/YL2 


Capacitive Load 


Pin 
CL1, CL2, CL3, CL4 


RO-R3, GO-G3, BO-B3, 
FLM CU, CD 


Ri 
2.4 kO 


2.4 kQ 


40 pF 
40 pF 


R Ci Remarks 

11 kQ 40 pF tr, tf: Not specified 

11 ka 40 pF tr, tf: Specified 
Remarks 


tr, tf: Specified 


tr, tf: Not specified 


All diodes = 152074) 








Figure 41. Capacitive Load Circuit 


Figure 40. TTL Load Circuit 
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HD61602/HD61603 
(Segment Type LCD Driver) 


DESCRIPTION 

The HD61602 and the HD61603 are liquid crystal display driver LSIs with TTL and SECTION 
CMOS compatible interface. Each of the LSIs can be connected to various micro~ | 
computers such as the HMCS6800 series. 1 


The HD61602 incorporates the power supply 





circuit for liquid crystal display driver. 
By the software-controlled liquid crystal 
driving method, several types of liquid 
crystals can be connected according to 


the applications. (FP-80) 


The HD61603 is a liquid crystal display 
driver LSI only for static drive and has 
64 segment outputs that can display 8 
digits per chip. 


M@ FEATURES (FP-80A) 





e Wide-range operating voltage 
Operates in a wide range of supply voltage 2.2V to 5.5V. 
Compatible with TTL interface at 4.5V to 5.5V. 

e Low current consumption 


Can drive from a battery power supply (100A max. on 5V). 
Standby input enables a standby operation at lower current consumption 
(SyA max. on 5V). 

e Internal power supply circuit for liquid crystal display driver (HD61602). 
Internal power supply circuit for liquid crystal display driver facili- 


tates the connection to a microcomputer system. 


@ Versatile segment driving capacity 


ine to] rivie meted [Dat Scisa 
8 segments x6 digits +3 marks Se a 80-pin 
“ 11/2 bias | 1/2 duty 
Scacae 1/2 duty_ 














Plastic 


: 
[02 [8 segnente x12 digite +6 marke | 65 ~*(P28 
as = 
1/4 duty | 204 [8 segments x 25 digits +4 marks EE-oUS 
: 


HD61603 Static 8 segments x 8 digits 80-pin 
Plastic QFP 
(FP~80) 
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HD61602/HD61603 


MB ORDERING INFORMATION 








Type No. Package 

HD61602R 80-pin plastic QFP (FP-80) 

HD61602RH 80-pin plastic QFP (FP-80A) 
80-pin plastic QFP (FP-80) 


HD61603R 


Mi PIN ARRANGEMENT (TOP VIEW) 


et 
O 
n 
{@) 
2] 


602 


OSC2 
'78]S YNC 
SEGo 





HD61602 


SEG 
SEG3 
SEGs 
SEG7 
169}SEGs 
166] SEG, L 
16SISEG1 2 


am +0 © we 
2OG00 Oo 
Mm mm Gl fl 
22) i?2) ny nan 
BIBIRIAIBIEISIGIE 








164]SEG 3 3 
[63]SEGi y 
62]SEGi 5s 
SEG i¢ 
160]SEG} 7 
ISSISEGi 8 
[S8}SEGi 9 
(S7ISEG2 y 
56JSEG2 1 
ISSISEG 2 2 
1S4]SEG2 5 
[53]SEG2 4 
's2]SEG2 5 
SIJSEG 6 
| S0ISEG 2 7 
| 49]SEG2 8 
148]SEG2 9 
SEG30 
4S1SEG 31 
M4SISEG 3 2 
44)SEG 3 3 
43/SEG 3 y 
42]SEG 35 
4ISEG 36 


EG) 3] ||] || 

+O N AOR OK 

t+ + tt tna on 

9OOUNU O90 000 

HM WwW ww ww 

ANNANNNNN 
(FP-80) 


> 
(a) - oO - 
<a0OZSOOSSSSOSS 
UONNK- DOB wo ow 
PE 
SRERRRREKRARREGSSE B 

CS 

WE 

RE 


(FP-80A) 
(Top View) 
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HD61603 
or 4 
~A NU oA n mM et NH wor DHA AH AW 
QVOULZOUVTUVUV0O O00 00 00 O90 
NN WoW Meo ee we 
ODONAYNANNNAUAURARNVANNANAN 
BIBER IBIS SHS] 31/313 





- & & 


eof |SEGis 
so} }SEGi6 
ssf | SEG17 
57]_ JSEGis 
561 | SEGi9 
55|_ | SEG20 
54] | SEG21 
s3{_ | SEG22 
s2]_J SEGa3 
511 _] SEG24 
50|_ | SEGo25 
4o[_ | SEGo6 
4s{_| SEG27 
47{_] SEG2e 
s6{_ | SEG29 
45{ | SEG30 
44| | SEG31 
43[_] SEG32 
42|_ | SEG33 
4i{ _| SEG34 





HD61602/HD61603 





Mi BLOCK DIAGRAM 


mpOlous Sj onntey\ 


SYNC 


LCD driving 














OSC timing l 
READY | generator ne aN Chaat Gated 
cs G driver (4 lines) 
¢ Data RAM write 
WE po ceaeieieel [| timing 






generator 















ry yee 
driver 


Parallel/serial 
converter 


Address ; 
ee 


Driving 
voltage 
selection 


Data latch 
8 bit x 2 


Mode 
setting — 
latch s 


LCD driving 
voltage 
generator 












=) Segment output 
Display (51 lines) 
data RAM 








OPERATION 
MODE 

















to Vpp 


@ HD61603 


















LCD driving 

















fd 
generator 
READY Common 
) 
cs (ae driver output 
WE. Data RAM write 
RE ep} controller are timing 
generator 







[ 
Data latch 


Do~Ds 4 bit x 4 Segment 
output 


(64 lines) 





Parallel/serial 
converter : 
Display 
data RAM 
Address ene 
a 
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HD61602/HD61603 


M@ ABSOLUTE MAXIMUM RATINGS 


Symbol 
Vpp» Vl, V2, V3 0.3 v +7.0 


Tstg -55 ~ +125 6 





* Value referred to Vgs=0V. 


Note: If LSIs are used above absolute maximum ratings, they may be permanently 
destroyed. Using them within electrical characteristics limits is 
strongly recommended for normal operation. Use beyond these conditions 


will cause malfunction and poor reliability. 


ME RECOMMENDED OPERATING CONDITIONS 


V1, V2, V3 


9 ’ 
Vp 





* Value referred to Vss=OV. 
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HD61602/HD61603 





Mi ELECTRICAL CHARACTERISTICS 


@DC Characteristics (1) 


SECTION 


(Vss=0V, Vpn=4.5 to 5.5V, Ta=-20 to +75°C, unless otherwise noted) 


Input "High" 
voltage 





Input "Low" 
voltage 


a [me = 
Output "Low" I 
Input leakage Iq Vin=ovpp 
current terminal 
a Wie ooo 
T1L2 | Vinsow3 
v2,V3 ITL3 
+Id=3yA for each COM 
LCD driver COMO™COM3 eae V3=Vpp-3V 
voltage drop 
cna Sa +Id=3yA for each SEG 
V3=Vpp-3V 
During display* 
Power supply current Rosc=360k2 


At standby 


Internal Vv VREF2=YDD-1V, 
Driving Vi.V2,V3 | UTR | ¢yxc,=0.30F RL=3M0 
voltage drop 


pt 
, 
o 


ur " 
ip) 
r=) oO ° 
=] 
Oo —_ Oo; 
e (an) e - nh 
> wr oO Ww) O}1o 





* Except the transfer operation of display data and bit data. 
*1 V1, V2 : applied only to HD61602. 


e DC Characteristics (2) 
(Vgg=0V, oe to 3.8V, Ta=-20 to +75°C, unless otherwise suasnucioneea 





Input "High" 
voltage 


Input "Low" 
voltage | 
current 
Output "Low" ene 
Input leakage Tq11 Vin=0.\Vpp 
current terminal 
“1 vi | Tm2 | Vypeows 
V2,V3 IIL3 
t+tId= 
COMO“COM3 van | ae each COM 
sucosecso| Yaz site eg each SEG 
During display* 
Rosc#®330k2 
— At standby 





‘ ' 

a an 

© . ° @ 
>] 
o 














LCD driver 
voltage drop 







Power supply 
current 










Internal 
Driving- 
voltage drop 


VREF2=YpD-1V, 
C1.C450. 3uF 
Ru=3mn, VDD=3v3.8V 





V1,V2,V3 










* Except the transfer operation of display data and bit data. 
*1 V1, V2 : applied only to HD61602. 
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HD61602 /HD61603 


e AC Characteristics (1) 


(Vgg=0V, Vpp=4.5 to 5.5V, Ta=-20 to +75°C, unless otherwise noted) 


[externa clock duty osc] osty | 
iia <a na 
W. 
D 


= 
E 


1 
T 





<4 
Fe 
3 
— 
Oo |< 
‘ 8 
alk 
Wo 
(or) 


~ 
© 
© 
Oo 
— 










_ 
cal 
ce ee | 
a 

N 





1/O signal timing 


> Spe] wd > 
=) O;o; rr OoO;riaoa;S 
a) O;o;o;ro!lo;oa 
— 
co) 
i 
f 


Ss 

ae ee 
For display 

9. 
For bit and mode 


(Vgg=0V, Vpp=2.2 to 3.8V, Ta=-20 to +75°C, unless otherwise noted) 


ae ree 
a ne 
Pte | 
i ie eae 
Fig. 6 | | 
pwRo fo 
ftey | 
For display data 
OP1 | transfer 
For bit and mode 2 


twR 

CEN 
data transfer 
er, te 


10.5 |Clock 


ui 


-5/Clock 







Input signal rise time 


and fall time 25) ns 


tr tr 


uw 
(a) 





AG 





e AC Characteristics (2) 










“NIN ] Rs 
oO;}o 
a 
© 
© 
— 
Ww 
jo) 
e 
N 


— 
oO 
oO 
~ 
Wo 
© 










> 
i) 
ez 
© 











cr | ct 


ct 





1¢3) 


I/O signal timing 
(Vpp=3-0%3. 8V) 






_— 
” 


QQ 

- | iy Se Se a a Oe a e = iam 
o) n Hin! Hin | we 

Q N 
x 





NR | ke ep ep oe fe 
Oj;um Mii Oyu 
bo 
=) 


\Oo 
oa) 
a 
oS 
e 

un 


so 


ae 
wm ° 
wn 
EQ 
=) — 
i¢9) {e) 
Q 
x 





Input signal rise time and 
fall time 
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HD61602/HD61603 


VIL 
es SECTION 


We VILH V 
WE Viz Var | IH 
~—— tw, 
V VILH 
D 0 -D 7 C ve be 
lf ts ty: 


Fig. 1 Write Timing 
(RE is fixed on “High" level, and SYNC on "Low" level) 





READY 





Fig. 2 Reset/Read Timing 
(CS and SYNC are fixed on "Low" level) 


VIH 


CDL tEN 


| VoH 
READY VOL 


top1, ‘op2 


Fig. 3 READY Timing 
(When the READY output is always available) 
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HD61602/HD61603 


READY Vou Vou 
EN 7 WH 7 1 clock 
SYNC IH IH 
VIL 


Fig. 4 SYNC Timing 


Vpp Vpp 


Measurement 470k2 


terminal 
(READY) 


Measurement 
terminal 
120k221S2074H (READY) 


30pF 
Vss | 


Vss 





Fig. 5 Bus Timing Load Circuit Fig. 6 Bus Timing Load Circuit 
(LS-TTL Load) (CMOS Load) 
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HD61602/HD61603 


M@ TERMINAL FUNCTIONS 
e HD61602 Terminal Functions 


Sy = On LO) \\) 
name lines to 


1 


Power supply @ -side power supply 


Vpp 





NMOS open MCU During setting data in the display 
data RAM and mode setting latch in 
the LSI after data transfer, "Low" 
is output to the READY terminal to 
inhibit the next data input. There 
are two types of modes: one in 
which "Low" is output only when both 


READY 


drain output 


of CS and RE are "Low", and the 
other in which "Low" is output 
regardless of CS and RE. 





Input MCU Chip select input. Data can be 
MCU Write enable input. Input data of 
DO to D7 is latched at the rising 


written only when this terminal is 
"Tow". 

Input 
edge of WE. 

Input MCU Resets the input data byte counter. 

; After both of CS and RE are "Low", 

the first data is recognized as the 
lst byte data. 


Input MCU "High" level input stops the LSI 
operations. 
(i) Stops oscillation and clock 
input. 
(ii) Stops LCD driver. 
(iii) Stops writing data into 
display RAM. 


Input MCU Data input terminal from where 
8-bit x 2-byte data are input. 
Vss 1 Power supply © -side power supply 


VREF] 1 Output External | Reference voltage output. LCD 
R driving voltage is generated by 
this voltage. 
Input External | Divides the reference voltage of 
VREF] with external R to determine 
- 


LCD driving voltage. VpEF2=Vl 
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DOVD7 


1p) 







VREF2 


Connection terminals for boosting 
C of LCD driving voltage generator. 
An external C is connected between 
Vou and Veo? 


<j 
oO) 
a 

< 


C2 








HD61602/HD61603 


to 
Output External 
(Input) Cc 
= 


- 
OSC1 Input oe 
OSC2 Output 


Note: Logic polarity is positive. "1"="H"=active. 










Terminal |No. of 
name lines 


V1, V2, 
V3 
COMOVCOM3 


SEGOVSEG50 






LCD driving voltages are output. 
An external C is connected to each 
terminal. 






LCD common (backplate) driving 
output. 


LCD segment driving output. 


Synchronous input for 2 or more 
chips application. LCD driver 
timing circuit is reset by "High" 
input. LCD is off. 










Attaches external R to these termi- 
nals for oscillation. An external 
clock (100kHz) can be input from 
OSCl. 
















o HD61603 Terminal Functions 


name lines 
Power supply} @ -side power supply 


NMOS open eemcilaees setting data in the display 
drain output 


data RAM and mode setting latch in 
the LSI after data transfer, "Low" 

~ 

aie _ 


is output to the READY terminal to 
wii ~ 
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There are two types of modes: vone 
in which "Low" is output only when 
both of CS and RE are "Low", and 
the other in which "Low" is 
output regardless of CS and RE. 











Chip select input. Data can be 
written only when this terminal is 
"Tow" 7 
















Write enable input. Input data of 
DO to D3 is latched at the rising 
edge of WE 








Reset the input data byte counter. 
After both of CS and RE are "Low", 
the first data is recognized as 

the lst byte data. 









Terminal No. of Connected 
: Input /output 
name lines to 


SB 1 Input MCU 
DOVWD3 4 Input MCU 


<j 


COMO 


SEC 


SYNC 


OSCl 
OSC2 


Input Power 
supply 


J Output LCD 


{ 


x 
ct 


OVSEC6 3 Gutput LCD 


I Input MCU 


Input External 


Output 










HD61602/HD61603 


"High" level input stops the LSI 
operations. 


(i) Stops oscillation and clock 
input. 
(ii) Stops LCD driver. 
(iii) Stops writing data into 
display RAM. 





Data input terminal from where 
4-bit X4 data are input. 


© -side power supply 


Power supply input for LCD drive. 
Voltage between Vpp and V3 is used 
as driving voltage. 


LCD common (backplate) driving 
Output. 


LCD segment driving output. 


Synchronous input for 2 or more 
chips’ application. LCD driver 
timing circuit is reset by "High" 
input. LCD is off. 


Attaches external R to these 
terminals for oscillation. An 
external clock (100kHz) can be 
input from OSCl. 


Note: Logic polarity is positive. '"1"="H''=active. 
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SECTION 


1 








HD61602/HD61603 


Mi DISPLAY RAM 


< 





612 


HD61602 Display RAM > 


The HD61602 has an internal display RAM shown in Fig. 7. Display data is 
stored in the RAM, or is read according to the LCD driving timing to display 
on the LCD. One bit of the RAM corresponds to the 1 segment of LCD. Note 
that some bits of the RAM cannot be displayed depending on LCD driving mode. 


Common address 
(COMO~-COM3) 


Display RAM 


4 bits 


ee a et Sa 
51 bits 


Segment address (SEGoVSEGs 0) 


Fig. 7 Display RAM 


Reading Data from Display RAM 


A display RAM segment address corresponds to a segment output. The data at 
segment address SEGn is output to segment output SEGn terminal. 

A common address corresponds to the output timings of a common output and a 
segment output. The same common address data is simultaneously read. The 


data of display RAM is reproduced on the LCD panel. 


When a 7-segment type LCD driver is connected, for example, the correspondence 


between the display RAM and the display pattern in each mode is as follows: 


(1) Static drive 


In the static drive, only the column of COMO of display RAM is output. 
COM1 to COM3 are not displayed. 
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HD61602/HD61603 


LCD connection 


SECTION 





ee ey tegen 
Sd 2 2 . Se Sd SEGg SEGg SEGi9 SEG11 SEG:}2 SEG13 SEGi1, SEGis 
ep) op) DNNANN 


SEG9 


(2) 1/2 duty drive 


LCD connection 





5 th SEG, SEGs SEGg SEG7 SEGs SEGs 
a 
2 Wn 
In the 1/2 duty drive, the columns of COMO and COM1 of display RAM are 
output in time sharing. The columms of COM2 and COM3 are not displayed. 
(3) 1/3 duty drive 
LCD connection Display RAM 





SEG3 SEG, SEGs SEGe. 
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HD61602/HD61603 


614 


In the 1/3 duty drive, the columms of COMO to COM2 are output in time 
sharing. No column of COM3 is displayed. 


"y" cannot be rewritten by display data (input on an 8-segment basis). 


Please use bit manipulation in turning on/off the display of "Y". 


(4) 1/4 duty drive 


LCD connection Display RAM 





SEG. SEG, SEG, 





In the 1/4 duty drive, all the columns of COMO to COM3 are displayed. 
Writing Data into Display RAM 


Data is written into the display RAM in the following five methods: 


(1) Bit manipulation 


Data is written into any bit of RAM on a bit basis. 


(2) Static display mode 
8-bit data is written on a digit basis according to the 7-segment type 


LCD pattern of static drive. 


(3) 1/2 duty display mode 
8-bit data is written on a digit basis according to the 7-segment type 


LCD pattern of 1/2 duty drive. 


(4) 1/3 duty display mode 
8-bit data is written on a digit basis according to the 7-segment type 


LCD pattern of 1/3 duty drive. 


(5) 1/4 duty display mode 
8-bit data is written on a digit basis according to the 7-segment type 
LCD pattern of 1/4 duty drive. 


The RAM area and the allocation of the segment data for l-digit display 
depend on the driving methods as described in the selection of "Reading Data 
from Display RAM". | 
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HD61602/HD61603 





8-bit data is written on a digit basis corresponding to the above duty 
driving methods. The digits are allocated as shown Fig. 8 (allocation of 


digit). As the data can be transferred on a digit basis from a microcomputer, so) i OF BLO) 


transfer efficiency is improved by allocating the LCD pattern according to 
the allocation of each bit data of the digit in the data RAM. 1 


Fig. 8 shows the digit address (displayed as Adn) to specify the store 





address of the transferred 8-bit data on a digit basis. 


Fig. 9 shows the correspondence between each segment in an Adn and the 8-bit 


input data. 


When data is transferred on a digit basis, 8-bit display data and digit 


address should be specified as described above. 


However, when the digit address is Ad6 of static, Ad1l2 of 1/2 duty, or 
Ad25 of 1/4 duty, display RAM does not have enough bits for the data. 
Thus the extra bits of the input 8-bit data are ignored. 


(1) Static (2) 1/2 duty (3) 1/3 duty (4) 1/4 DUTY 
display display display 


COM) COM, COMp. COM COM} COM2 COM) COM;,COM2COM3 COM 9COM,COM2COM3 


SEG) [ [7 SEGo CA SEG 
SEG SEG, SEG, 
SEG» SEG» a SEG, 
SEG3 SEG 3 SEG 3 
SEGy {ad0d SEG, SEG, 
SEG SEGs SEGs 
oe SEGs aa SEGe¢ 
SEG? SEG7 SEG7 
SEGs SEG8 SEG 8 
SEG 9 SEG 9 SEG 9 
SEGio0 SEGi0 SEG1i0 
SEG) 1/Ad1 SEGi1 SEG 
SEGi2 SEG 2 SEGi2 
SEG1 3 SEG13 SEG 3 
SEG14 SEGi4 as SEGi4 
SEG, 5] SEGi5 SEG15 
SEGié¢ SEGié SEGib 
SEG1 7|Ad2 SEG1, jag SEGi7 
SEGi8 SEGi8 SEGi 8 
mA 


§ 
SEGs ojAd6 SEGs5 0|_Adl2 SEG5 9 





Fig. 8 Allocation of Digit (HD61602) 
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4 
| (1) Static display (2) 1/2 duty display (3) 1/3 duty display 
COMy COM, COMp COM; COM, 
SEGgn SEG3n Pete DX 
SEGunt1 SEG3n+11 5 
SEGant2 SEG3n+2 Lae ee 





(4) 1/4 duty display 


COM»COM,COM2COM3 
SEGon 





SEG2n+1 


Fig. 9 Bit Assignment in an Adn (HD61602) 


In the bit manipulation, any one bit of display RAM can be written. When 
data is transferred on a bit basis, l-bit display data, a segment address 


(6 bits) and a common address (2 bits) should be specified. 


< HD61603 Display RAM > 


The HD61603 has an internal display RAM as shown in Fig. 10. Display data 


is stored in the RAM and output to the segment output terminal. 


1 bit 
(coun) | | Display RAM 
Sry err 
64 bits 


Segment address 


Fig. 10 Display RAM (HD61603) 


@ Reading Data from Display RAM 


Each bit of the display RAM corresponds to each LCD segment. The data at 
segment address SEGn is output to segment output SEGn terminal. Fig. 11 
shows an example of the correspondence between the display RAM bit and the 


display pattern when a 7-segment type LCD is connected. 
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HD61602/HD61603 


LCD connection 


SECTION 


LCD connection 
a 





Display RAM 
COMy| f | e a] ¢ | DP g | bia | 1 


SEG eg SEG ySEG 19SEGi1 
—f- COM, SEG 1 2SEG 3SEG1,4SEG15SEGi¢ 





Fig. 11 Example of Correspondence between Display RAM Bit 
and Display Pattern (HD61603) 


e Writing Data into Display RAM 
Data is written into the display RAM in the following two methods: 


€1) Bit manipulation 


Data is written into any bit of RAM on a bit basis. 


(2) Static display mode 
8-bit data is written on a digit basis according to the 7-segment type 


LCD pattern of static drive. 


The 8-bit data is written on a digit basis into the digit address (displayed 
as Adn) shown in Fig. 12. When data is transferred from a microcomputer, 
four 4 bit data are needed to specify the digit address and an 8-bit display 
data. Fig. 13 shows the correspondence between each segment in an Adn and 


the transferred 8-bit data. 
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COMo 
SEGo 
SEG 
SEG2 : 
SEG; | AdO 
SEG, 
SEGs SEGy5 
SEG65 SEGu¢ 
SEG7 SEG47 
SEGs SEG 8 
SEG9 SEGy 9 
SEGio0 SEG5 9 
SEGi1 | Ad1| SEGs5, 
SEGi2 SEGs59 
SEGi3 SEGs53 
SEGiy SEGsy 
SEGis SEGs5 
SEGi¢ SEGs6¢ 
SEG17 SEG 57 
SEGig SEGs5 5 
SEGi 9 | Ad2 SEGs 9| Ad7 
SEG2 9 SEG 9 Fig. 13 Bit Assignment in an Adn 
SEG21 SEG61 (HD61603) 
SEG22 SEG¢ 2 
SEG23 SEG¢ 3 
SEGo24 


Fig. 12 Allocation of Digit 
(HD61603) 


In the bit manipulation, any one bit of display RAM can be written. When 
data is transferred on a bit basis, 1-bit display data and a segment address 


(6 bits) should be specified. 


Operating Modes 


< HD61602 Operating Modes > 
The HD61602 has the following operating modes: 


(1) LCD drive mode 


Determines the LCD driving method. 


(a) Static drive mode 


LCD is driven statically. 
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(b) 1/2 duty drive mode 
LCD is driven at 1/2 duty and 1/2 bias. 


(c) 1/3 duty drive mode 
LCD is driven at 1/3 duty and 1/3 bias. 


(d) 1/4 duty drive mode 
LCD is driven at 1/4 duty and 1/3 bias. 


(2) Data display mode 
Determines how to write display data into the data RAM. 


(a) Static display mode 
8-bit data is written into the display RAM according to the digit 


in the static drive. 


(b) 1/2 duty display mode 
8-bit data is written into the display RAM according to the digit 
in the 1/2 duty drive. 


(c) 1/3 duty display mode 
8-bit data is written into the display RAM according to the digit 
in the 1/3 duty drive. 


(d) 1/4 duty display mode 
8-bit data is written into the display RAM according to the digit 
in the 1/4 duty display drive. 


(3) READY output mode 
Determines the READY output timing. 
After data set is transferred, the data is processed internally. The 
next data cannot be acknowledged during the processing period. The 
READY output reports the period to the MPU. The timing when the READY 


is output can be selected from the following two modes: 


(a) READY is always available. 


ee een aaa 
2) 2a er 


| 
| sa Me's 
Input inhi bi t————— +—Next data 
period transfer 


a 


| 


Data transfer 
period 





| 
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(b) READY is available by CS and RE. 


RE | | | 
| | | | 
READY | | 
Data transfer ———>_____—_Input inhibit ———————— ~—-Next data 
period period transfer 


(4) LCD OFF mode 


In this mode, the HD61602 stops driving LCD and turns it off. 


(5) External driving voltage mode 


A mode for using external driving voltage (V1, V2 and V3). 


The above 5 modes are specified by mode setting data. The modes are in- 
dependent of each other and can be used in any combination. The bit manipu- 


lation is independent of data display mode and can be used regardless of it. 


< HD61603 Operating Modes > 


The HD61603 has the following modes: 


(1) READY output mode 
Determines READY output timing. 
After data set is transferred, the data is processed internally. 
The next data cannot be acknowledged during the processing period. 
The READY output reports the period to the MPU. The timing when READY 


is output can be selected from the following two modes: 


(a) READY is always available. 


Data transfer 
period 





e e e | 
Input inhibit—————__+| M—Next data 
period transfer 
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(b) READY is available by CS and RE. 


SECTION 


hans ON BNE 1 





READY | \ / XY! 3 
Data transfer ———_++—____—_——_——- Input inhibit ———————™ k—Next data 
period period transfer 


(2) LCD OFF mode 


In this mode, the HD61603 stops driving LCD and turns it off. 


INPUT DATA FORMATS 
HD61602 Input Data Formats 


Input data is composed of 8 bits x 2. Input them as 2-byte data after READY 
output is changed from "Low" to "High" or "Low" pulse is entered into RE 


terminal. 


(1) Display data (Updates display on an 8-segment basis.) 


lst byte 2nd byte 


fofo[=] wis. | [_waay ae 
7 6 5 4 3 2, wl 0 7 6 5 4&4 3 2 1 0 


(i) Display address: Digit address Adn in accordance with each display 


mode. 
(ii) Display data : Pattern data that is written into the display RAM 


according to each display mode and the address. 


(2) Bit manipulation data (Updates display on a segment basis.) 


lst byte 2nd byte 


Display OM 
jo | 2 fe] « | x | = faddress SEG address 
7 6 5 & 3 2 0 7 6° 5 & 3 2 1 0 


(i) Display data : Data that is written into 1 bit of the specified 
display RAM. 
(ii) COM address : Common address of display RAM. 


621 
© HITACHI 


Hitachi America Ltd. Hitachi Plaza « 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 © (415) 589-8300 





HD61602/HD61603 


(iii) SEG address 


lst byte 


(3) Mode setting data 


External | 


power 
supply 


Segment address of display RAM 


be = 
7 6 5 4 3 2 1 +40 


(i) Display mode bits 


(ii) 


(iii) 


(iv) 


(v) 


OFF/ON bit 


Drive mode bits 


READY bit 


External power 
supply bit 


(4) 1-byte instruction 


lst byte 


00; 
01; 
10; 
ll; 


1; 
0; 
00; 
Ol; 
10; 
11; 
0; 





2nd byte 


OFF/ON| Display 
7 6 5 4 3 


it 
2.  -* 0 


Static display mode 

1/2 duty display mode 
1/3 duty display mode 
1/4 duty display mode 


LCD OFF (It is set to "1" when SYNC is entered.) 
LCD ON 

Static drive 

1/2 duty drive 

1/3 duty drive 

1/4 duty drive 

READY outputs "0" only while CS and RE 

is "0", (It is reset to "0" when SYNC is 


entered.) ...........+. READY bus mode 
READY outputs "0" regardless of CS and RE. 
eecccceceeee READY port mode 
Driving voltage is generated internally. 
Driving voltage is supplied from external. 


(It is set to "1" when SYNC is entered.) 


The first data (first byte) is ignored when the bit 6 and bit 7 in the 


byte are "1", 


< HD61603 Input Data Formats > 


Input data 1s composed of 4 bits x 4. Input them as four 4 bit data after 


READY output is changed from "Low" to "High" or "Low" pulse is entered into 


RE terminal. 
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(1) Display data (Updates display on an 8-segment basis.) 


) = ONTO) \\ 
lst byte 2nd byte 3rd byte 4th byte 


bit/ 6 5 4 bit3, 2, 1 , 0 
3g, A 0 3 2 1 =O B02. 0 3° 2 4 8 7 | 


(i) Display address: Digit address Adn shown in Fig. 12. 





(ii) Display data : Pattern data that is written into the display 
RAM as shown in Fig. 13. 


(2) Bit manipulation data (Updates display on a segment basis.) 


lst byte 2nd byte 3rd byte 4th byte 


Di splay SEG address SEG address | 
ing FT 0 
3 1 0 3 2 1 =O Bg. 2 de 30 a 2 ~L ‘© 


(i) Display data : Data that is written into the 1 bit of the 


specified display RAM. 


(ii) SEG address : Segment address of display RAM (segment output). 


(3) Mode setting data 


lst byte 2nd type 3rd _ byte 4th byte 


ED EE ad dE 
30° 2 4 Oe Be Se ee Ge (ee 


(i) OFF/ON bit 1; LCD OFF (It is set to "1" when SYNC is entered.) 
0; LCD ON 
(ii) READY bit : 0; READY outputs "0" only while CS and RE are 


"Oo", (It is reset to "0" when SYNC is entered). 
*eeee0en17e#e348+ee#se#28s#8e¢@ READY bus mode 


1; READY outputs "0" regardless of CS and RE. 
eo eseeveeseee READY port mode 


(4) 1-byte instruction 


lst byte 
3 2 1 =O 


The first data (4 bits) is ignored when the bit 3 and 2 in the data 
are "1", 
© HITACHI 
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M@ HOW TO INPUT DATA 


How to Input HD61602 Data > 


Input data is composed of 8 bits x 2. Take care that the data transfer is 
not interrupted. Because the first 8-bit data is distinguished from the 


second one depending on the sequence only. 


If data transfer is interrupted or at the power ON the following two methods 
can be used to reset the count of the number of bytes (count of the first 


and second bytes): 


(1) Set CS and RE inputs in "Low" (no display data changes). 
(2) Input 2 or more "l-byte instruction data" which bit 7 and 6 are "1" 


(display data may change). 


The data input method via data input terminals (CS, WE, DO to D7) is similar 
to that of static RAM such as HM6116. An access of the LSI can be made 
through same bus line as ROM and RAM. When output ports of a microcomputer 


are used for an access, refer to the timing specifications and Fig. 14. 
Power ON 
4 
CS Na Nt 
Uni aee°  N  NG NG 
WE” x6 
RE *6 / Sd 
READY cay, eee NN 
*5 *5 
*2 
SN Cat Nt 


Sr a LE 


DoD 7-4 





Uist K2ndX st A 2nd KA st A2nd J 
Mode setting data Mode setting data Display data 


*1: READY output is indefinite during 12 clocks after the oscillation start 
when power ON (clock: OSC clock). 


*2: "High" pulse should be applied to SYNC terminal when using two or more 
chips synchronously. 


*3: In the mode in which READY is always available, READY output is in- 
definite while "High" is being applied to SYNC. 


*4; Reset the byte counter after power ON. 


*5: READY output period is within 3.5 clocks in the mode setting operation 
and bit manipulation or within 10.5 clocks when the display data (8 
bits) is updated. 


*6: Connect a proper pull-up resistor if WE or RE may be floating. 
*7: It is not always necessary to follow this example. 


Fig. 14 Example of Data Transfer Sequence 
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< How to Input HD61603 Data > 


Input data is composed of 4 bits x 4. Take care that data transfer is not J tou gle) 
interrupted. Because the first 4-bit data to the fourth 4-bit data are 
distinguished from each other depending on the sequence only. 1 


i 1 ~ shin AO ree 5 i we es a Wie Bae 
If data transfer 1s interrupted or at the Powe , the following two methods 


© 


WY 
aN 


ry 





can be used to reset the count of the number of data (count of the first 4 


bit data to the fourth 4-bit data): 
(1) Set CS and RE in "Low". 
(2) Input 4 or more "l-byte instruction" data (4-bit data) which bit 3 and 2 


are "1" (display data may change). 


The data input method via data input terminals (CS, WE, DO to D3) is similar 
to that of static RAM such as HM6116. An access of the LSI can be made 
through the same bus line as ROM and RAM. When output ports of a micro- 
computer are used for an access, refer to the timing specifications and 


Fig. 15. 


Power ON 
es Ve gD eee en 
WESEg St SPS PO 
RE 1k6 \_/ \ [x4 
READY ..__~” 5 ey AE serie oe 
*1 *5 *3 *5 *5 
SYNC a ae 
Op 0 aaa aaareaa ae | 


DoD 3 —K£_ tt ee eK KF 


Mode setting data Mode setting data Display data 








*1: READY output is indefinite during 12 clocks after the oscillation start 
when power ON (clock: Osc, clock). 


*2: "High" pulse should be applied to SYNC terminal when using two or more 
chips synchronously. 


*3: In the mode in which READY is always available, READY output is in- 
definite while "High" is being applied to SYNC. 


*4: Reset the 4-bit data counter after power ON. 


*5: READY output period is within 3.5 clocks in the mode setting operation 
and bit manipulation or within 10.5 clocks when the display data (8 
bits) is updated. 


*6: Connect a proper pull-up resistor if WE or RE may be floating. 


*7: It is not always necessary to follow this example. 
Fig. 15 Example of Data Transfer Sequence 
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Notes on READY Output 


Note that the READY output will be unset- 
tled during 1.5 clocks (max) after inputting 
the first 2-byte data for setting the mode 
after turning the power on. This is because 
the READY bit data of mode setting latches 
and the mode of READY pin (READY bus or 
port mode) are unsettled untill the comple- 
tion of mode setting. 


There are two kinds of the READY output 
waveforms depending of the modes. 


Power on 


Ktst_ X_2nd_ 


re READY output is unsettled. 


(1J,READY bus mode (READY bit = Q) 
(2)READY port mode (READY bit = 1) 


However, if you input SYNC before mode 
setting, waveform will be determined; when 
you choose REDAY bus mode, (1) a will be 
output, and when you choose READY port 
mode, (2) a will be output. The figures can be 
applied both to HD61602 and HD61603. 


Mode setting data 


A 
(2-byte data) 11.5 clocks (max) 


we 


Mode setting latch is unsettled. ' 


Power on 


Note; CS = low 


Power on 


(1) READY Bus Mode 


Note; CS = low, RE = high 


(2) READY Port Mode 





Mode setting data are 
latched. 


1.5 clocks (max) 


3.5 clocks (max) 


Figure 16. READY Output According to Modes 
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Standby Operation 


Standby operation with low power con- 
sumption can be activated when pin SB is 
used. Normal operation of the LSI is activated 
when pin SB is low level, and the LSI goes 
into the standby state when pin SB is high 
level. The standby state of the LSI is as fol- 
lows. 


(a) LCD driver is stopped (LCD is off) 
(b) Display data and operating mode are 


HD61602/HD61603 


held. 

(c) The operation is suspended while chang- 
ing display (= while READY is outputting 
low.) In this case, READY outputs high 
within 10.5 clocks or 3.5 clocks after 
release from the standby mode. 


oie we et Pat ae oe rere 


(d) Oscillation is stopped. 


When this mode is not used, connect pin SB to 
Vss. 





Multi-Chip Operation 


When an LCD is driven with two or more 
chips, the driving timing of LCD must be 
synchronized. In this case, the chips are 
synchronized with each other by using SYNC 
input. If SYNC input is high, the LCD driver 
timing circuit is reset. Apply high pulse to the 
SYNC input after the operating mode is set. 


A high pulse to the SYNC input causes the 
change of the mode setting data (The OFF/ 
ON bit is set and the READY bit is reset. See 
(3) Mode Setting Data in “Input Data For- 
mats”.) Transfer the mode setting data into 


Restriction on Usage 


Minimize the noise by inserting a noise by- 
pass capacitor (2 1 uF) between Vpp and 
Vss pins. (Insert one as near chip as possible.) 


Liquid Crystal Display Drive Volt- 
age Circuit (HD61602) 


What is LCD Voltage? 


HD61602 drives liquid crystal display using 
four levels of voltages; Vpp, V:, V2 and V3 (Vpp is 
the highest and V3 is the lowest). The voltage 
between Vpp and V3 is called Vicp and it is 
necessary to apply the appropriate Vicp 
according to liquid crystal displays. V3 always 
needs to be supplied power regardless of the 
display duty ratio since it supplies the voltage 
to the LCD drive circuit of HD61602. 


& 


the LSI after every SYNC operation. 


If a power on reset signal is applied to the 
SYNC pin, the LCD can be off-state when the 
power is turned on. 


When SYNC input is not used. connect pin 
SYNC to Vss. 


In the case SB input is used, after standby 
mode is released, high pulse must be applied 


to the SYNC input, and mode setting data 


must be set again. 





Figure 17. LCD Output Waveform and 
Output Levels 
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When internal drive power supply 
is used. 


When the internal drive power supply is 
used, attach C1-C,4 for charge pump circuits 
and variable resistance R; for deciding dis- 
play drive voltage to HD61602 as shown ‘in 
figure 18. 

Internal voltage is available by setting 
external voltage switching bits of mode set- 
ting data “O”. 


Figure 19 shows voltage characteristics 
between Vpp and Vnreri. 

Voltage is divided at Ri, and then into Vrerz. 
Voltage between Vpp and Vrerz2 is equivalent 
to AV in figure 19, and so Vicp can be change 


by regulating the voltage. 


Vrer2 is usually regurlated by variable reis- 
tance, but in case of replacing Ri with two 
invariable resistance take Vrer1 between max 
and min into consideration as shown in figure 
19. 


Internal drive power supply is genarated by 
using capacity, and so much current cannot 
be streamed. When large liquid crystal dis- 
play panel is used, examine the external drive 
power supply. 


regulator 


R,=1M2 Variable 
C,=0.3uF 
C2—C,=0.3nF 
C5=0.1 to 0.3F 
Ce2 1uF 





Voltage follower 


charge 


2x (Vi —Vpp) pump 
3x (V; —Vpp) 


circuit 


HD61602 


Figure 18. Example 
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When external drive power supply 
is used. 


External power supply can be used by setting 
external voltage switching bits of mode set- 
ting data “1”. When large liquid crystal dis- 
play panel is used, in case of multi chip, on in 
need of accurate liquid crystal drive voltage, 
used the external power supply. 


Ro-Rs is connected in series between Vpp and 


Vpp ~ Vs (V) 
2 3 4 


Voltage characteristics 
between Vpp and Vren 


Positive Positive 
power power 
supply supply 


(1) Static Drive (2) 1/2 Duty Drive 


HD61602/HD61603 


Vss, and by these resistance ratio each volt- 
age of AV and Vicp is generated and then 
supplied to V;, V2 and V3. C2-C4 are capacities 
for smoothing. 


When regulating shining degree, change the | 


resistance value by setting Rs variable resis- 
tance. 





(3) 1/3 and 1/4 Duty Drive 


Note: 1. When standby mode is used, a transistor is required. 
2. Ro—Rs should be some k2-some tens of k2, and C2—C, should be 0.1 #F—0.3 uF. 





Figure 20. Example when External Drive Voltage is Used 
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Liquid Crystal Display Drive Volt- 
age (HD61603) 


As shown in figure 21 apply LCD drive volt- 
age from the external power supply. 


Oscillation Circuit 
When Internal Oscillation Circuit is Used 


When the internal oscillation cirucit is used, 
attach an external resistor Rosc as shown in 
figure 22. (Insert Rosc as near chip as possible, 
and make the OSC1 side shorter.) 


Positive power 
supply 








When External Clock is Used 


When an external clock of 100 kHz with 
CMOS level is provided, pin OSC1 can be used 
for the input pin. In this case, open pin OSC2. 


Note: When standby mode is used, a transistor is required. 





Figure 21. Example of Drive Voltage Generator 


OSC1 OSC2 “OSC1 


~OSC2_ 


pe patina 
HD14049UB 
etc. 


Multi-chip operation 








Figure 22. Example of Oscillation Circuit 
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Applications 


Vee 
Vss 


HD6809 
CPU! 


Hitachi America Ltd. 
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Liquid crystal 


Figure 23. Example (1) 





| Liquid crystal - 
Figure 24. Example (2) 
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(Segment Type LCD Driver) 


Description 


The HD61604 and the HD61605 are liquid 
crystal display driver LSIs with TTL and 
CMOS compatible interface. Each of the LSIs 
can be connected to various microcomputers 
such as the HMCS6800 series. 


Several types of liquid crystal displays can be 
connected to the HD61604 according to the 
applications because of the software- 
controlled liquid crystal dispay drive method. 


The HD61605 is a liquid crystal display driver 
LSI only for static drive and has 64 segment 
outputs that can display 8 digits per chip. 


Display 
Type No. Drive Method Segments 


HD61604 Static 51 
1/2 bias 1/2 duty 102 
1/3 bias 1/3 duty 153 
1/4 duty 204 

HD61605 Static 64 


Pin Arrangement 


HD61604 


65] _] SEG;2 


Features 


@ Low current consumption 
—Can drive from a battery power supply 


(100 »A max on 5 V). 


—Standby input enables a standby oper- 
ation at lower current consumption (5 


uA max on 5 V). 


@ Versatile segment drive capacity 


Example of Use 

8 segments xX 6 digits + 3 marks 
8 segments x 12 digits + 6 marks 
9 segments x 17 digits 

8 segments X 25 digits + 4 marks 
8 segments xX 8 digits 


HD61605 
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Frame Freq (Hz) 
at fosc=100 kHz 


98 
195. 
521 
781 
98 


65 | SEGi2 


eat | SEGi3 





HD61604/HD61605 
Block Diagram 


HD61604 


SECTION 


LCD drive 


timing 
generator 


1 


Common Common output 





driver 


(4 lines) 
RAM write 
Ye!) controller wae 
= Se oy 
Data latch 


Segment output 
Display (51 lines) 
data RAM 


Address aap 
decoder 


LCD drive a 
voltage voltage 
selection 





Figure 1. HD61604 Block Diagram 


LCD drive 
timing 
generator 


6 Common 
= output 
r.| Data 

S| controller RAM write 


timing generator 


Data latch 
4 bits x4 


Display Segment 
data RAM i output 


(64 lines) 





Figure 2. HD61605 Block Diagram 
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Pin Functions 


Table 1 shows the HD61604 pin description. 
Table 2 shows the HD61605 pin description. 


HD61604 Pin Function 
READY (Ready): During setting data in the 


display data RAM and mode setting latch in 
the LSI after data transfer, low is output to 


the READY pin to inhibit the next data input. 


There are two types of modes: one in which 
low is output only when both of CS and RE 
are low, and the other in which low is output 
regardless of CS and RE. 


CS (Chip Select): Chip select input. Data can 
be written only when this pin is low. 


WE (Write Enable): Write enable input. 
Input data of Dp to D is latched at the positive 
edge of WE. 


RE (Reset): Resets the input data byte 
counter. After both of CS and RE are low, the 
first data is recognized as the 1st byte data. 


SB (Standby): High level input stops the LSI 
operations. 


(i) Stops oscillation and clock input. 
(ii) Stops LCD driver. 
(iii) Stops writing data into display RAM. 


Do—D7 (Data Bus): Data input pin from 
which 8-bit x 2-byte data is input. 


SYNC (Synchronous): Synchronous input 
for 2 or more chips application. LCD drive 
timing generator is reset by high input. LCD 
is off. 


COM>. —COM:3(Common): LCD common 
(backplate) drive output. 


SEGo—SEGso0 (Segment): LCD segment 
drive output. 


Vi, V2, V3 (LCD Voltage): Power supply for 
LCD drive. 


OSC1, OSC2 (Oscillator): Attaches external 
R to these pins for oscillation. An external 
clock (100 kHz) can be input from OSC1. 

Vc1, Vc2: Do not connect any wire. 


Vrer1: Connect this pin to V1 pin. 


Vrer2: Hold Vpp level. 





Vpn: Positive power supply. 
Vss: Negative power supply. 
HD61605 Pin Function 


READY (Ready): During setting data in the 
display data RAM and mode setting latch in 
the LSI after data transfer, low is output to 
the READY pin to inhibit the next data input. 


There are two types of modes: one in which 
low is output only when both of CS and RE 
are low, and the other in which low is output 
regardless of CS and RE. 


CS (Chip Select): Chip select input. Data can 
be written only when this pin is low. 


WE (Write Enable): Write enable input. 
Input data of Do to Ds is latched at the posi- 
tive edge of WE. 


RE (Reset): Resets the input data byte 
counter. After both of CS and RE are low, the 
first data is recognized as the first byte data. 


SB (Standby): High level input stops the LSI 
operations. 


(i) Stops oscillation and clock input. 
(ii ) Stops LCD driver. 
(iii) Stops writing data into display RAM. 


Do— D3: Data input pin from which 4-bit x 4 
-byte data is input. 


SYNC (Synchronous): Synchronous input 
for 2 or more chips application. LCD drive 
timing generator is reset by high input. LCD 
is off. 


COMbd (Common): LCD common (backplate) 
drive output. 


SEGo—SEGe3s (Segment): LCD segment 
drive output. 


OSC1, OSC2 (Oscillator): Attaches external 
R to these pins for oscillation. An external 
clock (100 kHz) can be input from OSC1. 


V3 (LCD Voltage): Power supply input for 
LCD drive. 


Voltage between Vpp and V3 is used as drive 
voltage. 


Vss: Negative power supply. 


© HITACHI 
634 _ Hitachi America Ltd. e Hitachi Plaza « 2000 Sierra Point Pkwy. « Brisbane, CA 94005-1819 © (415) 589-8300 





HD61604/HD61605 


Vpp: Positive power supply. 





Table 1. HD61604 Pin Description Table 2. HD61605 Pin Description SECTION 
Pin No.of Connected Pin No.of Connected 
Name Lines Input/Output to Name Lines Input/Output to 
READY 1 NMOS open MCU READY 1 NMOS open MCU 

drain output drain output 
cs 1 Input MCU cs 1 Input MCU 
WE 1 Input MCU WE 1 Input MCU 
RE 1 Input MCU RE 1 Input MCU 
SB 1 Input MCU SB 1 Input MCU 
Do — D7 8 Input MCU Do — D3 4 Input MCU 
SYNC 1 Input MCU SYNC 1 Input MCU 
COMo- 4 Output LCD COMo! Output LCD 
COMB SEGo— 64 Output LCD 
SEGs50 OSC1, 2 Input, output External R 
V1, V2, V3.3 Power supply ExternalR = OSC2 
OSC1, 2 Input, output External R V3 ! neue eae 
OSC2 supply 
Vers Veo 2 Output Vss 1 Power supply 
VREF1 1 Input Vi Vio 1 Power supply 
VReF2 1 Input Vop 
Vop 1 Power supply Note: Logic polarity is positive. 

1 =high=active. 

Vss 1 Power supply 


Note: Logic polarity is positive. 
1 =high=active. 
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Display RAM 
HD61604 Display RAM 


The HD61604 has an internal display RAM 
shown in figure 3. Display data is stored in 
the RAM, or is read according to the LCD 
drive timing to display on the LCD. One bit of 
the RAM corresponds to the 1 segment of 
LCD. Note that some bits of the RAM cannot 
be displayed depending on LCD drive modes. 


Reading Data from HD61604 Display 
RAM 


A display RAM segment address corresponds 
to a segment output. The data at segment 
address SEGn is output to segment output 
SEGn pin. 


A common address corresponds to the output 


Common address 
(COM >—COMs) 


timings of a common output and a segment 
output. The same common address data is 
simultaneously read. The data of display RAM 
is reproduced on the LCD panel. 


The following shows the correspondence 
between the 7-segment type LCD connec- 
tion and the display RAM in each mode. 


(1) Static Drive: In the static drive, only the 
column of COM) of display RAM is output. 
COM: to COMs3 are not displayed (figure 
4). 


(2) 1/2 Duty Drive: In the 1/2 duty drive, 
the columns of COMp and COM; of display 
RAM are output in time sharing. The 
columns of COM2 and COMs3 are not dis- 
played (figure 5). 


Display RAM 


51 bits 


Segment address (SEGo—SEGs0) 





Figure 3. Display RAM (HD61604) 


LCD connection 


Figure 4. 
(Static Drive, HD61604) 





Example of Correspondence between LCD Connection and Display RAM 


Display RAM 


SEGg SEGg SEG19SEG1; SEG12SEG13SEG14SEGi5 
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(3) 1/3 Duty Drive: In the 1/3 duty drive, turning on/off the display of “y’(figure 6). 
the columns of COMp to COMz2 are output 
in time sharing. No column of COMs is (4) 1/4 Duty Drive: In the 1/4 duty drive, all 
displayed. “y” cannot be rewritten by the columns of COMo to COMs3 are dis- 
display data (input on an 8-segment played (figure 7). 
basis). Please use bit manipulation in 


LCD connection 


Display RAM 


SEG, SEG, SEG, SEG, 


Figure 5. Example of Correspondence between LCD Connection and Display RAM 
(1/2 Duty, HD61604) 


Display RAM 


SEG, SEG, SEG, 





Figure 6. Example of Correspondence between LCD Connection and Display RAM 
(1/3 Duty, HD61604) 


Display RAM 


SEG, SEG3 





Figure 7. Example of Correspondence between LCD Connection and Display RAM 
(1/4 Duty, HD61604) 
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Writing Data into HD61604 Display RAM 


Data is written into the display RAM in the 
following five methods: 


(1) Bit Manipulation: Data is written into 
any bit of RAM on a bit basis. 


(2) Static Display Mode: 8-bit data is writ- 
ten on a digit basis according to the 7- 
segment type LCD pattern of static drive. 


(3) 1/2 Duty Display Mode: 8-bit data is 
written on a digit basis according to the 7 
-segment type LCD pattern of 1/2 duty 
drive. 


(1) Static (2) 1/2 Duty 
Display 


COMoCOM,COM2 COM ,COM,COM2 
SEGo VA SEGo 
SEG, SEG, 
SEG2 SEG2 
SEG3 SEG3 


SEG, SEG, 
SEG; SEGs5 
Ad1 
SEG. SEGes 
SEG, SEG, | 
SEGs SEGs 
SEG SEG 
i ° | ad2 
SEGio0 SEGi0 
SEG; SEG), 
SEGi2 SEG12 
SEG:3 SEGi3 
Ad3 
SEGi4 SEGi4 
SEGis SEGis 
SEGi¢ SEGie6 


SEGi7 SEG;7} Ad4 
SEGig SEGig 


—— 


SEGeo (Ac SEGso| Ad12 








(4) 1/3 Duty Display Mode: 8-bit data is 
written on a digit basis according to the 7 
-segment type LCD pattern of 1/3 duty 
drive. 


(5) 1/4 Duty Display Mode: 8-bit data is 
written on a digit basis according to the 7 
-segment type LCD pattern of 1/4 duty 
drive. 


The RAM area and the allocation of the seg- 
ment data for 1-digit display depend on the 
drive methods as described in the section of 
“Reading Data from Display RAM”. 


8-bit data is written on a digit basis corre- 
sponding to the above duty drive methods. 
The digits are allocated as shown in figure 8. 


(3) 1/3 Duty (4) 1/4 Duty 
Display Display 


COMoCOM;,COM2COM3 COM oCOM,COM2COMs3 


SEES BSSESS BUEN 





Figure 8. Allocation of Digit (HD61604) 


638 


@ HITACHI 
Hitachi America Ltd. ¢ Hitachi Plaza « 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 © (415) 589-8300 





As the data can be transferred on a digit basis 
from a microcomputer, transfer efficiency is 
improved by allocating the LCD pattern 
according to the allocation of each bit data of 
the digit in the data RAM. 


Figure 8 shows the digit address (displayed 
as Adn) to specify the store address of the 


aS a = -l, ae a Aen hase: 
transferred S-bit data on a digit basis. 


Figure 9 shows the correspondence between 
each segment in an Adn and the 8-bit input 
data. 


When data is transferred on a digit basis, 8- 
bit display data and digit address should be 
specified as described above. 


HD61604/HD61605 


However, when the digit address is Ad6 of 
static, Ad12 of 1/2 duty, or Ad25 of 1/4 duty, 
display RAM does not have enough bits for 
the data. Thus the extra bits of the input 8-bit 
data are ignored. 


In the bit manipulation, any one bit of display 
RAM can be written. When data is transfer- 
red on a bit basis, i-bit display data, a seg- 
ment address (6 bits) and a common address 
(2 bits) should be specified. 


HD61605 Display RAM 


The HD61605 has an internal display RAM as 
shown in figure 10. Display data is stored in 
the RAM and output to the segment output 
pin. 


(1) Static Display (2) 1/2 Duty Display (3) 1/3 Duty Display 


COM> COM, 


SEGan 
SEGan+1 
SEGan+2 


SEGan+3 


SEGgn+4 


(4) 


SEGgn+5 


COM> COM, COM, 


1/4 Duty Display 


COM, COM;COM2 COM; 





Figure 9. Bit Assignment in an Adn (HD61604) 


cons { Display RAM 
eee 





64 bits 
Segment address (SEGo—SEGes) 


Figure 10. Display RAM (HD61605) 
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( 
Reading Data from HD61605 Display 
RAM 


Each bit of the display RAM corresponds to 
each LCD segment. The data at segment 
address SEGn is output to segment output 
SEGn pin. Figure 11 shows the correspon- 
dence between the 7-segment type LCD 
connection and the display RAM . 


Writing Data into HD61605 Display RAM 


Data is written into the display RAM in the 
following two methods: 


(1) Bit Manipulation: Data is written into 
any bit of RAM on a bit basis. 


LCD connection 





(2) Static Display Mode: 8-bit data is writ- 
ten on a digit basis according to the 7- 
segment type LCD pattern of static drive. 


The 8-bit data is written on a digit basis into 
the digit address (displayed as Adn) shown in 
figure 12. When data is transferred from a 
microcomputer, four 4-bit data are needed to 
specify the digit address and an 8-bit display 
data. Figure 13 shows the correspondence 
between each segment in an Adn and the 
transferred 8-bit data. 


In the bit manipulation, any one bit of display 
RAM can be written. When data is transfer- 
red on a bit basis, 1-bit display data and a 
segment address (6 bits) should be specified. 


Display RAM 


ioe a 


SEGs, SEGsSEG10 SEG: s|SEG12SEG13 SEG 14SEG15 


Figure 11. Example of Correspondence between LCD Connection and Display RAM 


(HD61605) 


640 


© HITACHI \ 


Hitachi America Ltd. ¢ Hitachi Plaza « 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 © (415) 589-8300 





HD61604/HD61605 


SECTION 


I 


SEGsn 


SEGen+1 


SEGgn+2 


SEGegn+3 


SEGsn+4 


SEGen+5 


SEGen+6 


SEGsn+7 





Figure 12. Allocation of Digit Figure 13. Bit Assignment in an Adn 
(HD61605) (HD 61605) 
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Operating Modes 


HD61604 Operating Modes -1/2 duty display mode: 8-bit data is 
written into the display RAM according 
The HD61604 has the following operating to the digit in the 1/2 duty drive. 
modes: 
-1/3 duty display mode: 8-bit data is 
(1) LCD Drive Mode: Determines the LCD written into the display RAM according 
drive method. to the digit in the 1/3 duty drive. 
-Static drive mode: LCD is driven -1/4 duty display mode: 8-bit data is 
statically. written into the display RAM according 
to the digit in the 1/4 duty display 
- 1/2 duty drive mode: LCD is driven with drive. 


1/2 duty and 1/2 bias. 
(3) READY Output Mode: Determines the 
- 1/3 duty drive mode: LCD is driven with READY output timing. | 
1/3 duty and 1/3 bias. 
After data set is transferred, the data is 


- 1/4 duty drive mode: LCD is driven with processed internally. The next data can- 

1/4 duty and 1/3 bias. not be acknowledged during the proces- 

sing period. The READY output reports 

(2) Data Display Mode: Determines how to the period to the MPU. The timing when 
write display data into the data RAM. READY is output can be selected from the 


following two modes: 
‘Static display mode: 8-bit data is written 
into the display RAM according to the * READY is always available (figure 14). 
digit in the static drive. 
- READY is available by CS and RE (figure 
15). 


: aed, ee 


READY =——<C«N ||. ——C— ae 


| | 
Data transfer a Input inhibit SSS Lem Next data 


period ! period I transfer 
















Data transfer ———e>}<«—____—_—__+—§ ——- |nput inhibit ——-——-———___»_+-==-- Next data 
period period | transfer 






Figure 15. READY Output Timing (When It is Available by CS and RE) 
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(4) LCD Off Mode: In this mode, the After data set is transferred, the data is 

HD61604 stops driving LCD and turns it processed internally. The next data can- 

off. not be acknowledged during the proces- 

sing period. The READY output reports Sy = OBO) \\ 

The above 4 modes are specified by mode the period to the MPU. The timing when 
setting data. The modes are independent of READY is output can be selected from the 
each other and can be used in any combina- folowing two modes: 1 . 
tion. The bit manipulation is independent of 
data display mode and can be used regard- - READY is always available (figure 16). 
less of it. 





- READY is available by CS and RE (figure 


HD61605 Operating Modes | 17). 

The HD61605 has the following operating (2) LCD Off Mode: In this mode, the 

modes: HD61605 stops driving LCD and turns it 
off. 


(1) READY Output Mode: Determines the 
READY output timing. 


READY aaa. Co ann a ae 


I | | 
| | 
Data fe ea Input inhibit ———————__——_——-»» j~—a— Next data 


period period transfer 





Figure 16. READY Output Timing (When It is Always Available) 


READY 


| | 
Data transfer ——|—=______________— Input inhibit-——————_______-»»} Next data 


period period transfer 





Figure 17. READY Output Timing (When It is Available by CS and RE.) 
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Input Data Formats 

HD61604 Input Data Formats 

Input data is composed of 8 bits x 2 bytes. 
Input them as 2-byte data after READY out- 
put changes from low to high or low pulse 
enters into RE pin. 


(1) Display Data: Updates display on an 8- 
segment basis. 


1st byte 


x Display address 
(Digit address Adn) 


7 6 5 4 3 2 1 0 


Display data 


N 
5 
roi 
ey 
3 
® 


7 6 5 4 3 2 1 O 


- Display address: Digit address Adn in 
accordance with each display mode 

- Display data: Pattern data written into 
the display. RAM according to each 
display mode and the address 


(2) Bit Manipulation Data: Updates display 
on a segment basis. 


1st byte 
Displa COM 
of fort «|| | oie 
7 6 5 4 3 2 1 O 
2nd byte 
SEG address 
7 6 5 4 3 2 1 0) 


- Display data: Data written into 1 bit of 
the specified display RAM 

- COM address: Common address of dis- 
play RAM 

- SEG address: Segment address of dis- 
play RAM 


644 


(3) Mode Setting Data: 






1st byte 
CET > Fe 
bit Dits 
7 6 5 4 3 2 1 O 
2nd byte 
| OFF/ON Display 
pf] | «| > fre] eet 
7 6 5 4 3 2 1 0 
- Display mode bits: 
00: Static display mode 
01: 1/2 duty display mode 
10: 1/3 duty display mode 
11: 1/4 duty display mode 
- OFF/ON bit: 
1: LCD off (It is set to 1 when SYNC is 
entered.) 
0: LCD on 


- Drive mode bits: 
00: Static drive 
01:1/2 duty drive 
10: 1/3 duty drive 
11: 1/4 duty drive 
- READY bit: a. 
0: READY outputs 0 only while CS and 
RE are 0. (It is reset to O when SYNC 


is entered.) ->*READY bus mode 
1: READY outputs 0 regardless of CS 
and RE. --*READY port mode 


Note: Input the same data to display mode bits 


and drive mode bits. 


(4) 1-Byte Instruction: The first data (first 


byte) is ignored when the bit 6 and bit 7 
in the data are 1. 
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Input data is composed of 4 bits x 4 bytes. 
Input them as four 4-bit data after READY 
output changes from low to high or low pulse 
enters into RE pin. 


(1) Display Data: Updates display on an 8- 
segment basis. 


1st byte 2nd byte 
Display address 
3 2 1 O 3 2 1 0 


3rd byte 4th byte 


Display data Display data 
Bit? 6 5 4 Bit3 2 1 8) 
3 2 1 O 3 2 1 0 


- Display address: Digit address Adn 
shown in figure 12. 

- Display data: Pattern data written into 
the display RAM as shown in figure 13. 


(2) Bit Manipulation Data: Updates display 
on a segment basis. 


1st byte 2nd byte 
isp! 
paso 
3 2 1 0 3 2 1 0 
3rd byte 4th byte 


< y SEGaddress SEG address 
Bith, 4 Bit8 2 1 O 
3 2 1 O 3 2 1 6) 


- Display data: Data written into the 1 bit 
of the specified display RAM. 

-SEG address: Segment address of dis- 
play RAM (segment output). 


HD61604/HD61605 


(3) Mode Setting Data: 


1st byte 2nd byte 
3 2 1 0 3 2 1 6) 
3rd byte 4th byte 
= Epere 
3 2 1 0 3 2 1 
- OFF/ON bit: 
1: LCD off (It is set to 1 when SYNC is 
entered.) 
0: LCD on 
- READY bit: 


0: READY outputs 0 only while CS and 
RE are O. (It is reset to 0 when SYNC 
is entered). ---READY bus mode 

1: READY outputs O regardless of CS 
and RE. ---READY port mode 


(4) 1-Byte Instruction: The first data (4 
bits) is ignored when the bit 3 and bit 2 in 
the data are 1. 


1st byte 
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How to Input Data 
How to Input Data into HD61604 


Input data is composed of 8 bits <X 2 bytes. 
Take care that the data transfer is not inter- 
rupted because the first 8-bit data is distin- 
guished from the second one depending on 
the sequence only. 


When data transfer is interrupted, or at the 
power on, the following two methods can be 
used to reset the count of the number of 
bytes (count of the first and second bytes): 


Power on 


(1) Set CS and RE to low (no display data 
changes). 

(2) Input 2 or more i-byte instruction data 
whose bit 7 and 6 are high (display data 
may change). 


The data input method via data input pins 
(CS, WE, Do to D7) is similar to that of static 
RAM such as HM6116. An access of the LSI 
can be made through the same bus line as 
ROM and RAM. When output ports of a 
microcomputer are used for an access, refer 
to the timing specifications and figure 18. 


Fig eG Rg Ne 


*6 


Fag a ee 


READY {7-774 


ab aati *5 
Nt = S KB 
5 * 5 


*2 
CN esc ee 


SB SSS SS SS SS SSS 


ist 2nd 
Do—D; ———<_ 


Mode setting data 


1st 2nd 


Mode setting data Display data 


: READY output is indefinite during 12 clocks after the oscillation starts when power on 


(clock: OSC2 clock). 


: High pulse should be applied to SYNC pin when using two or more chips simultaneously. 
: In the mode in which READY is always available, READY output is indefinite while high 


is being appliad to SYNC. 
: Reset the byte counter after power on. 


: READY output period is within 3.5 clocks in the mode setting operation and bit manipu- 
lation or within 10.5 clocks when the display data (8 bits) is updated. 

: Connect a proper pull-up resistor if WE or RE is floating. 

: It is not always necessary to follow this example. 





Figure 18. Example of Data Transfer Sequence 
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How to Input Data into HD61605 (1) Set CS and RE to low (no display data 
changes.) 
Input data is composed of 4 bits x 4 bytes. (2) Input 4 or more 1-byte instruction data (4 
Take care that the data transfer is not inter- -bit data) whose bit 3 and 2 are high = OU ETO) 
rupted because the first 4-bit data to the (display data may change). 
fourth 4-bit data are distinguished from each 
cther depending on the sequence only. The data input method via data input pins 1 
(CS, WE Do to D3) is similar to that of static 
When data transfer is interrupted, or at the RAM such as HM6116. An access of the LSI 
power on, the following two methods can be can be made through the same bus line as 
used to reset the count of the number of data ROM and RAM. When output ports of a 
(count of the first 4-bit data to the fourth 4- microcomputer are used for an access, refer 
bit data): to the timing specifications and figure 19. 


Power on 
es I 
WE fee AIO WNIT 
RE eer eee eee 
READY Ne 
* 3 * 5 *5 


* 1 *5 


SN ce Ra Se ee 


SB — J 


Do—Ds ———X_)>4 


1st 2nd 3rd 4th 1st 2nd 3rd 4th Ist 2nd 3rd 4th 


Mode setting data Mode setting data Display data 


: READY output is indefinite during 12 clocks after the oscillation starts when power on 
(clock: OSC2 clock). 

: High pulse should be applied to SYNC pin when using two or more chips simultaneously. 

: In the mode in which READY is always available, READY output is indefinite while high 
is being applied to SYNC. 

: Reset the 4-bit data counter after power on. 

: READY output period is within 3.5 clocks in the mode setting operation and bit manipu- 
lation or within 10.5 clocks when the display data (8 bits) is updated. 

: Connect a proper pull-up resistor if WE or RE is floating. 

: It is not always necessary to follow this example. 





Figure 19. Example of Data Transfer Sequence 
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Notes on READY Output 


Note that the READY output will be unset- 
tled during 1.5 clocks (max) after inputting 
the first 2-byte data for setting the mode 
after turning the power on. This is because 
the READY bit data of mode setting latches 
and the mode of READY pin (READY bus or 
port mode) are unsettled untill the comple- 
tion of mode setting. 


There are two kinds of the READY output 
waveforms depending on the modes. 


(1) READY bus mode (READY bit = 0) 


(2) READY port mode (READY bit = 1) 


However, if you input SYNC before mode 
setting, waveform will be determined; when 
you choose READY bus mode, (1) a will be 
output, and when you choose READY port 
mode, (2) a will be output. The figures can be 
applied both to HD61604 and HD61605. 


Kist_ X_2nd_ 


GY; READY output is unsettled. 
A 


Mode setting data 


(2-byte data) }1.5 clocks (max) 


WH 


Mode setting latch is unsettled. 


Power on 


Note: CS = low 


Mode setting data 
are latched. 


1.5 clocks (max) 


(1) READY Bus Mode 


Power on 


{ 


Note; CS = low, RE = high 


(2) READY Port Mode | 


3.5clocks (max) 





Figure 20. READY Output According to Modes 
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Standby Operation 


Standby operation with low power con- 
sumption can be activated when pin SB is 
used. Normal operation of the LSI is activated 
when pin SB is low level, and the LSI goes 
into the standby state when pin SB is high 
level. The standby state of the LSI is as fol- 
lows: 


(a) LCD driver is stopped (LCD is off). 
(b) Display data and operating mode are 


Multi-Chip Operation 


When an LCD is driven with two or more 
chips, the driving timing of LCD must be 
synchronized. In this case, the chips are 
synchronized with each other by using SYNC 
input. If SYNC input is high, the LCD driver 
timing circuit is reset. Apply high pulse to the 
SYNC input after the operating mode is set. 


A high pulse to the SYNC input causes the 
change of the mode setting data (The OFF/ 
ON bit is set and the READY bit is reset. See 
(3) Mode Setting Data in “Input Data For- 
mats”.) Transfer the mode setting data into 


Restriction on Usage 


Minimize the noise by inserting a noise by- 
pass capacitor (2 1 uF) between Vpp and 
Vss pins. (Insert one as near chip as possible.) 


Liquid Crystal Display Drive Volt- 
age Circuit (HD61604) 


What is LCD Voltage? 


HD61604 drives liquid crystal display using 
four levels of voltages; Vpp, V:, V2, and V3 (Vpp 
is the highest and V3 is the lowest). The voltage 
between Vpp and V3 is called Vicp and it is 
necessary to apply the appropriate Vicp ac- 
cording to liquid crystal displays. V3 always 
needs to be supplied power regardless of the 
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held. 

(c) The operation is suspended while chang- 
ing display (= while READY is outputting 
low.) In this case, READY outputs high 
within 10.5 clocks or 3.5 clocks after 
release from the standby mode. 

(d) Oscillation is stopped. 


When this mode is not used, connect pin SB to 
Vss. 


the LSI after every SYNC operation. 


If a power on reset signal is applied to the 
SYNC pin, the LCD can be off-state when the 
power is turned on. 


When SYNC input is not used, connect pin 
SYNC to Vss. 


In the case SB input is used, after standby 
mode is released, high pulse must be applied 
to the SYNC input, and mode setting data 
must be set again. 


display duty ratio since it supplies the voltage 
to the LCD drive circuit of HD61604. 


Connecting R2—R5 in series between Vpp 
and Vss generates AV or Vicp by using this 
resistance ratio to supply these voltage to pins 
Vi, V2, V3 C2—C4 are the capacitors for 
smoothing. Connect a trimmer potentiometer 
for R5 and change its resistance value to 
control the contrast. 
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Figure 21. LCD Output Waveform and 
Output Levels (1/3 Duty, 1/3 
Bias) 


(1) Static Drive (2) 1/2 Duty Drive (3) 1/3 and 1/4 Duty Drive 


Note: 1 When standby mode is used, a transistor is required. 
2 R2—R5 should be some kQ—some tens of kN, and C2—C4 should be 0.1 «F-0.3 uF. 





Figure 22. Example when External Drive Voltage is Used 
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Liquid Crystal Display Drive Volt- 
age (HD61605) 


As shown in figure 23, apply LCD drive volt- 
age from the external power supply. 


Oscillation Circuit 


When Internal Oscillation Circuit is 
Used 


When the internal oscillation circuit is used, 
attach an external resistor Rosc as shown in 
figure 24. (Insert Rosc as near chip as possible, 
and make the OSCi side shorter.) 


Positive power 
supply 


HD61604/HD61605 


When External Clock is Used 


When an external clock of 100 kHz with 
CMOS level is provided, pin OSC1 can be used 
for the input pin. In this case, open pin OSC2. 


Note: When standby mode is used, a transistor is required. 





Figure 23. Example of Drive Voltage Generator 


OSC1 OSC2 OSC1 


HD14049UB 


OSC2 , OSC1 OSC2 


Multi-chip operation 





Figure 24. Example of Oscillation Circuit 
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Applications 


Do ~D70sSc1 OSC2 


Vreri il 
Vaer2 


Liquid crystal 





Figure 26. Example (2) 
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HD61604/HD61605 


Absolute Maximum Ratings 





item Symbol Limit Unit 
SECTION 
Power supply voltage * Voo, Vi, V2, V3 -—0.3 to + 7.0 V 
Pin voltage * VT —0.3 to Vpp + 0.3 V 
Operating temperature Topr -20i0 +75 aC 
Storage temperature Tstg —55 to +125 C 


* Value referred to Vss=O V. 

Note: If LSIls are used above absolute maximum ratings, they may be permanently destroyed. Using 
them within electrical characteristics limits is strongly recommended for normal operation. Use 
beyond these conditions will cause malfunction and poor reliability. 


Recommended Operating Conditions 


Limit 

Item Symbol Min Typ Max Unit 
Power supply voltage * Vopo 4.5 — 5.5 V 

Vi, V2, V3 0.3 aa Vop V 
Pin voltage * Vr 0 = Vop V 
Operating temperature Topr —20 — +75 °C 
* Value referred to Vss=O V. 
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HD61604 /HD61605 


Electrical Characteristics 


DC Characteristics 


(Vss = 0 V, Vov = 4.5 V to 5.5 V, Ta= —20 °C to +75 °C, unless otherwise noted) 


item 
Input high voltage OSC1 
Others 
Input low voltage OSC1 
Others 
Output leakage READY 
current 
Output low READY 
voltage 
Input leakage Input 
current pin 
* 4 
Vi 
V2, V3 


LCD driver voltage COMo—-COM3 
drop 


SEGo — SEG50 


Current consumption * 2 


* Except the transfer operation of display data and bit data. 


Limit 


Symbol Min Typ 


Vint 


Vin2 
Viu1 
ViL2 


lou 


Vot 


Te 


liv2 


lit 
Vat 


Va2 


lbp 


lbp 


*1 Vi, V2: applied only to HD61604. 
*2 Do not connect any wire to the output pins and connect the input pins to Vpp or Vss. 


654 


0.8Vpp — 
2.0 = 
O a 
O a 


150 


-20 
=5.0° = 
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Max 
Vop 
Vop 
0.2Vpp 
0.8 

5 


0.4 
1.0 


20 
5.0 
0.3 


0.6 


100 


Unit 
V 

V 

V 

V 
BA 


V 
BLA 


BA 
KA 
V 


V 
uA 


uA 


Test Condition 


Pull up the pin to Vpp 
lol. =0.4 mA 


Vin=0 to Vop 
Vin=Vpp to V3 


+Iid=3 «A for each 
COM, V3=Vpp to 3 V 


+ld=3 wA for each 
SEG, V3=Vpp to 3 V 


During display * 
Rosc = 360 kQ 
At standby 
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AC Characteristics 


(Vss = 0 V, Vop = 4.5 V to 5.5 V, Ta = —20 °C to +75 °C, unless otherwise noted) 











SECTION 
Limit 
item Symbol Min Typ Max Unit Test Condition 
Oscillation frequency OSC2 fosc 70 100 130 kHz Rosc = 360 ko 1 
External clock OSC1 ie 70 100 130 kHz 
frequency 
External clock duty OSC1 Duty 40 50 60 % 
I/O signal timing ts 400 _ = ns 
ty 10 - — ns 
twH 300 = a ns 
twi 400 = a ns 
twr 400 = = ns 
to. = — 1.0 KS Figure 31 
ten 400 = = ns 
top1 9.5 a 10.5 Clock For display 
data transfer 
top2 2.5 io 3.5 Clock For bit and mode 
data transfer 
Input signal rise time and fall time tr, ts = = 25 ns 





Figure 27. Write Timing (RE is fixed high and SYNC low) 
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Figure 28. Reset/Read Timing (CS and SYNC are fixed low) 


top1, top2 





Figure 29. READY Timing (When the READY Output is Always Available) 


1 clock 
Vin 





Figure 30. SYNC Timing 
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SECTION 


1 





Measurement 
pin 
(READY) 





Figure 31. Bus Timing Load Circuit (LS-TTL Load) 
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LCD Color TV 





























Section Two 


SECTION 


2 





HDoo300T 
Horizontal Driver 
for TFT-Type 
LCD Color TV 






For additional information reference: 





Section 1. LCD Controller/Driver LSI Data Book 

Section 3. HD66840 Video Interface Controller (LVIC) Application Note 

Section 4. HD63645F/HD64645F LCD Timing Controller (LCTC) Application Note 
Section 5. HD63645/HD64645/HD64646 LCD Timing Controller (LCTC) User’s Manual 
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Horizontal Driver for TFT-Type 


LCD Color TV 


Description 

The HD66300T is a horizontal driver used for TFT- 
type (Thin Film Transistor) LCD color TVs. Specifi- 
cally, it drives the drain bus signals of a TFT-type LCD 
panel. 


The HD66300T receives as input three video signals R, 
G, B, and their inverted signals R, G and B. Internal 
sample and hold circuitry then samples and holds 
these signals before outputting them via voltage fol- 
lowers to drive an TFT-type LCD panel. 


The HD66300T can drive LCD panels from 480 x 240 
pixels middle-resolution up to 720 x 480 pixels high- 
resolution. It has 120 LCD drive outputs and enables 
design of acompact LCD TV due to TAB (Tape Auto- 
mated Bonding) technology. 


PRELIMINARY 


Features 


e LCD drive outputs: 120 

e Internal sample and hold circuits: 480 (4 circuits 
per output) 

e Support of single-rate sequential drive mode and 
double-rate sequential drive mode 

e Support of various types of color filter arrange- 
ments through an internal color sequence control- 
ler 

e Vertical pixels: 240 (middle-resolution) or 480 
(high-resolution) 

e Horizontal pixels: 480 to 720 

e Support of monodirectional connection modeand 
bidirectional connection mode through a bidirec- 
tional shift register 

e Dynamic range: 15 V,,, 

e Package: 156-pin TAB 

e Power supply: +5 V and -15 V 

e CMOS process 
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Pin Arrangement 
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(Top View) 


HD66300T Pin Arrangement 
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Pin Description 





Pin List 
Pin Name No. of Input/ Connected Functions 
Pins Output to (Refer to) 
D1 - D120 120 O LCD panel 1. 
HCK1, HCK2, | 3 I Controller 2. 
HCK3 
DL, DR 2 VO Controller or 3. 
next HD66300T 
FD 1 I Controller 4. SECTION 
RS 1 I GND 5. 2 
OE 1 Po Controller 6. | 
SHL 1 | Voc or GND 7. 
D/S 1 ! Voc or GND 8. 
L/F 1 l Vecor GND 9. 
MSF1, MSF2 2 l Vec or GND 10. 
TEST1, TEST2 2 | GND 11. 
Vx1, Vx2, Vx3, 6 I Inverter 12. 
Vy1, Vy2, Vy3 
Vio 1 l Power source 13. 
ViieB? VisH 2 | Power source 14. 
Vic! ; Vic: 4 — Power source 15. 
Vicd Vic4 
Veo! Vec2: 3 — Power source 16. 
Voce3 
GND 1 — Power source 17. 
Veg! Vep2 4 ~~ Power source 18. 
Veg? Ven4 
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Pin Functions 
1. D1 - D120: These pins output LCD drive signals. 


2. HCK1, HCK2, HCK3: These pins input three-phase 
clock pulses, which determine the signal sampling 
timing for sample and hold circuits. 


3. DL, DR: These pins input or output data into or 
from the internal bidirectional shift register. The state 
of pin SHL determines whether these pins input or 
output data. 


SHL DL DR 
Voc Output Input 
GND Input Output 


4. FD: This pin inputs the field determination signal, 
which allows the sample and hold circuitry and the 
shift matrix circuit to operate synchronously with TV 
signals, at its rising and falling edge. 


FD = high: First field 
FD = low: Second field 


When a non-interlace signal is applied, it must be 
inverted every field. 


When an interlace signal is applied in double-rate 
sequential drive mode with per-line inversion (mode 
1, 2, 3), the signal must be set high in both ficlds. The 
signal must be set low, however, in each field’s hori- 
zontal retrace period. 


6. OE: This pin inputs the signal which controls the 
controller of the shift matrix circuit; it changes the 
selection of a sample and hold circuit and the shift 
matrix (combination of color data), at its rising edge. 
It also switches the bias current of the output buffer, as 
shown in the following table. 


OE Bias Current of Output Buffer 
High Large current (determined by VbsB) 
Low Small current (determined by VbsH) 


7. SHL: This pin selects the shift direction of the shift 


register. 
SHL Shift Direction 


High DL — DR 
Low DL — DR 


8. D/S: This pin selects the LCD drive mode. 


D/S Mode 
High Double-rate sequential drive mode 
Low Single-rate sequential drive mode 


9. L/F: This pin selects the inversion mode of LCD 


drive signals. 


5. RS: This pin inputs a test signal and should be WE Mode 
connected to pin GND. 
High Per-line inversion mode 
Low Per-field inversion mode 
@ HITACHI 
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10. MSF1, MSF2: These pins select the function of the shift matrix circuit; they should be set according to both the 
type of color filter arrangement on a TFT-type LCD panel and the drive mode. 





Filter Arrangement Drive Mode 
Diagonal mosaic Single-rate 
pattern Double-rate 
Vertical stripe Single-rate 
pattern Double-rate 
Unicolor triangular Single-rate 
pattern Double-rate 
Bicolor triangular Single-rate 
pattern Double-rate 


Single-rate: Single-rate sequential drive mode 
Double-rate: Double-rate sequential drive mode 


11. TEST1, TEST2: These pins input test signals and 
should be connected to pin GND. 


12. Vx1, Vx2, Vx3, Vy1, Vy2, Vy3: Video signals are 
applied to these pins; in general, positive video sig- 
nals are connected to pins Vxi and negative video 
signals to pins Vyi. | 


13. V,: Bias voltage is applied to this pin for the 
differential amplifier in the sampleand hold circuitry. 


14. V, 9» Visi Bias voltage is applied to this pin for 


the two power sources of the output buffer. 


MSF1 MSF2 
GND Vo¢/GND 
GND Vo¢/GND 
Voc Voc 

Voc Voc 

Voc Voc 

Voc GND 

Voc GND 

Voc GND 


VbsB: The voltage for driving a capacitive load 
VbsH: The voltage for holding the output voltage 


15. Vicl Vict Vick Vict +5 V LCD drive voltage 
is applied to these pins. 


16. Vocl Voc Vos) Voc +5 V is applied to these 
pins for the logic and the analog units. 


17. GND: 0 V is applied to this pin for the logic unit. 


18. Vepl Vip Vip? Vip” -15 V is applied to these 
pins for the analog unit. 
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IHOV.LIH @ 


HCK1 [> 
HCK2—) 
HCK3(] 
SHL LJ 
OL 


RSLJ 


VxI ld 
vx2UJ 
Vx3LJ 
Vy1 tJ 
Vy2—) 
Vy3tJ 


D/SO 
L/FO 
MsF1t 
MSF2{) 
Fo 
OE LI 


Veo l] 
Vosn[_) 
Vose L] 




















= controller . 
© : 
Oo 
| Bidirectional shift register 
QI Q2 Q3 Q118 Q113 | Q120 —{JoR 
sa Rr Ee ae Eee ace) Ines DREN nny, 
# B v U) uy ) 
Y Y Y Y Y ° +—(] GND 
e r 5 iS 
e THO Vee 
| -o—_] |_ po —_ | 4 | po —_| |_ pe —_] | r-O——_} Sample and hold circuit 
aa a ee ee ee ee 
wae i a ge a er ee ~~) Vse 
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Output buffer (amp.) 


i s 
D1 D2 D3 D118 D119 D120 


LS : level shifter 


weiserq Yo[g [euss}u] 


LO0¢99dCH 











Block Functions 


Shift Register: The shift register generates the sam- 
pling timing for video signals. It is driven by three- 
phase clocks HCK1, HCK2, and HCK3, whose phases 
are different from each other by 120°; each clock 
determines the sampling timing for onecolor signal so 
that three clocks support the three color signals R, G, 
and B. Theshift direction of this register can be changed. 


Level Shifter: The level shifter changes 5-V signals 
into 20-V signals. 


Sample and Hold Circuitry: In double-rate sequen- 
tial drive mode, two sample and hold circuits are 
sclected to sample vidco signals during one horizon- 
tal scanning period out of the four circuits attached to 
one LCD drive signal. One of the two selected circuits 
is read out in the first half of the following horizontal 


HD66300T 


scanning period, and the other selected circuit is read 
outin the second half. While the two circuits are being 
read out, the other two circuits sample signals and are 
alternately read out in the same procedure mentioned 
above. 


In single-rate sequential drive mode, one sample and 
hold circuit samples a signal during one horizontal 
scanning period, and is read out in the following 
horizontal scanning period. While it is being read out, 
one circuit out of the other three samples a signal. 


Shift Matrix Circuit: The shift matrix circuit, a color 
sequence controller, changes over the sampled video 
signal every horizontal scanning pcriod. 


Output Buffer: The output buffer consists of a source 
follower circuit and can change the through-rate of an 
output signal by changing the external bias voltage. 
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System Block Configuration Example 


Antenna 





Speaker 


Synchronizing 
isolator 


Controller 


me me et ee 


Ter tes es 


TET-type color LCD panel 


HD61105 
(1) 


720 X 480 pixels 


HD61105 
es" FD 
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Example of HD66300T Connection to LCD Panel 


AS+ 


STA ‘IDA 


= 
2 
_ 
O 
Lu 
Y”) 





7 corrector 
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(No.3) 





(Q)€x0H 
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Controller 
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Figure 1 Example of A sire Connection to LCD Panel 
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Functional Description 
Screen Size 


Number of horizontal pixels: 

— 120, 240, 360, 600, and 720 in monodirectional con- 
nection mode 

— 240, 480, and 720 in bidirectional connection mode 


Number of vertical pixels: 
~ 240 in single-rate sequential drive mode 
— 480 in double-rate sequential drive mode 


Single-Rate Sequential Drive Mode and Double- 
Rate Sequential Drive Mode 


Single-Rate Sequential Drive Mode: A typical TV 
signal (Note) has 525 scanning lines, 480 of which are 
part of the valid display period. In interlace scanning 
mode, 480 scanning lines are equally divided into a 
first field and a second field. 


In single-rate sequential drive mode, a 240-pixel-high 
LCD panel is used. 240 scanning lines of the first and 
second fields of the TV signal are respectively as- 
signed to the 240 lines of the LCD panel. 


HD66300T 


One line of an LCD panel is driven every horizontal 
scanning period in this mode. 


Double-Rate Sequential Drive Mode: To obtain a 
high-resolution display, a 480-pixel-high LCD panel 
is used. If 480 scanning lines are respectively assigned 
to the 480 lines of the LCD panel, the LCD alternating 
frequency becomes 15 Hz, which causes flickering 
and degrades display quality. To avoid this problem, 
the following method is employed. In the first field, 
the first scanning line is assigned to the first and 
second lines of the LCD pancl, the second scanning 
line is assigned to the third and fourth lines, and soon. 
In the second field, the first scanning line is assigned 
to the second and third lines, the second scanning line 
is assigned to the fourth and fifth lines, and so on. 


Two lines ofan LCD pancl are driven every horizontal 
scanning period in this mode. 


Refer to the index for the further information of NTSC 
TV system signals and LCD. 
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Supportable Types of Color Filter Arrangements TFT-type LCD panels having the following color filter 

7 arrangements by spccifying the operation of the inter- 
The order and timing for the HD66300T to output nal color sequence controller and by changing the 
color signals depend on the color filter arrangement external signals to be supplied. 


ona TFT-type LCD panel. The HD66300T can support 





(a) Diagonal from top-left to bottom-right mosaic (d) Unicolor triangular pattern 


pattern 


CET 





BRB 


(b) Diagonal from top-right to bottom-left mosaic (e) Bicolor triangular pattern 


pattern 


SA 





(c) Vertical stripe pattern 


12 


Figure 3 Supportable Types of Color Filter Arrangements 
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Mode Setting Pins drive mode). These pins activate the internal color 

sequence controller, which changes the sequence of 
Mode setting pins MSF1, MSF2, and D/S must be set color video signals corresponding to each sample and 
according to both the type of color filter arrangement hold circuit and allows the LSI to output color data in 
onthe TFT-typeLCD paneland thedrive mode (single- the right order for the LCD panel being used. 


rate sequential drive mode or double-rate sequential 


Table 1. Mode Setting Pins 








Filter Arrangement Drive Mode D/S MSF1 MSF2 Referential Timing 

Charts 

SECTION 

Diagonal mosaic Single-rate GND GND Voc: GND MODES 15, 16, 18, and 19 
pattern Double-rate  V,, GND  V,4,GND MODES 1,2, 5,6, 8,9, 2 

12, and 13 
Vertical stripe Single-rate GND Vec Voc MODES 17 and 20 
pattern Double-rate Voc Voc Voc MODES 3, 7, 10, and 14 
Unicolor triangular Single-rate GND Voc Voc MODES 17 and 20 
pattern Double-rate Vee Voc GND MODES 4 and 11 
Bicolor triangular Single-rate GND Voc GND MODE 17 
pattern Double-rate Voc Voc GND MODES 4 and 11 
Single-rate: Single-rate sequential drive mode L 
Double-rate: Double-rate sequential drive mode 
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Per-Field Inversion and Per-Line Inversion 


The inversion mode of LCD drive signals can be 
selected by pin L/F. 


Per-Field Inversion (available with L/F = low) 
In a certain field, all LCD drive signals have one 


polarity and in the following field, they all have the 
inverted polarity. 





Per-Line Inversion (available with L/F = high) 


In a certain field, all LCD drive signals have positive 
polarity in odd number lines and negative polarity in 
even number lines, while in the following field, the 
situation is reversed, that is, negative polarity in odd 
number lines and positive polarity in even number 
lines. 
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Interface 


Video Signals Connection 


Vidco signals must be connected to pins Vx1, Vx2, 
Vx3, Vy1, Vy2, and Vy3; in principle, positive video 
signals R, G, and B signals must be input to pins Vx1, 
Vx2, and Vx3, and negative video signals R, G, and B 
to pins Vyl, Vy2, and Vy3. For actual connection 
between an LCD panel and the LCD drive signal 


The Color Sequence for Each Output Pin 


Output Pin Color Sequence 


D1 (=D3k + 1) R+>B—>G—+R 
D2 (=D3k + 2) GoR>~B>G 
D3 (=D3k + 3) B+oG>»R->B 


The Signal Sequence for Each Output Pin 


HD66300T 


output pins, refer to the following example. 


In the case of Diagonal from top-left to bottom-right 
mosaic pattern. 


This example describes the case in which an LCD 
panel having a diagonal from top-left to bottom-right 
mosaic pattern is driven in double-rate sequential 
drive mode and monodirectional connection mode. 


~] 104 a [0], 


HD66300T 





D3k+1 D3k+2 D3k+3 
rane a 





Tst line 
2nd line 
3rd line 
4th line 


Output Pin Color Sequence 

D1 (=D3k + 1) Vx1 — Vx3 - Vx2 - Vx1 > 
D2 (=D3k + 2) Vx2 — Vx1 > Vx3 - Vx2 > 
D3 (=D3k + 3) Vx3 + Vx2 > Vx1 —- Vx3 > 
(Refer to MODE 5) 


The Connection of Signals 


Signal Color 
Vx1 R 
Vx2 G 
Vy3 B 
Vy1 R 
Vy2 G 
Vy3 B 
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In the case of Diagonal from top-right to bottom-left 
mosaic pattern, Vertical stripe pattern 


Thesame procedure for video signalconnection applies 
to the case in which a TFT-type LCD panel having a 
diagonal from top-right to bottom-left mosaic pattern 
or a vertical stripe pattern is used, as well as to the 
cases where a panel of any pattern is used through the 
bidirectional connection mode. 


Triangular Pattern, Single-Rate Sequential Drive 
Mode 


The following procedures are required when a panel 
of unicolor or bicolor triangular pattern is used: 


1. Unicolor Triangular Pattern, Single-Rate Sequential 
Drive Mode 


HD66300T 


The clock phase must be changed every line because 
of the 1.5-pixel phase shift between even number lines 
and odd number lines. (Refer to the explanation of 
sampling clocks.) 
The connection of signals here is the same as that 
described above. 


2. Bicolor Triangular Pattern, Single-Rate Sequential 
Drive Mode 


The clock phase must be changed every line because 
of the 0.5-pixel phase shift between even number lines 
and odd number lines. (Refer to the explanation of 
sampling clocks.) 

The connection of video signals in the second field 
must be changed from that in the first field. See the 
following tables. 


The Color Sequence for each Output Pin 


Output Pin 

D1 (=D3k + 1) 
D2 (=D3k + 2) 
D3 (=D3k + 3) 


Color Sequence 

R->BoR>B-—- 
Go-R~>GoR- 
B>G>»B>G- 


The Signal Sequence for each Output Pin 


Output Pin 

1st D1 ( 

field D2 ( 
D3 ( 
D1 ( 


2nd 


(Refer to MODE 17) 


The Connection of Signal in Each Field 


Per-Field Inversion 


=D3k + 1) 
=D3k + 2) 
=D3k + 3) 
=D3k + 1) 
field D2 (=D3k + 2) 

D3 (=D3k + 3) 


Signal Sequence 

Vx1 — Vy1 -> Vxi - Vy1 > 
Vx2 — Vy2 - Vx2 - Vy2 > 
Vx3 — Vy3 — Vx3 - Vy3 - 
Vy1 — Vx1 — Vy1 - Vx1 - 
Vy2 — Vx2 - Vy2 - Vx2 


Vy3 > Vx3 - Vy3 —- Vx3 


Per-Field Inversion 


Mode (L/F = low) Mode (L/F =high) 


1st Field 2nd Field 1st Field 


2nd Field 
B 
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Triangular Pattern, Double-Rate Sequential Drive 
Mode 


Changing the phase of the sampling clocks is suffi- 
cient when the panelis driven in single-rate sequential 
drive mode. However, when the panel is driven in 
double-rate sequential drive mode, theabovecounter- 


HD66300T 


nN 
an) 


Ist line 


end fine 


3rd line 


4th line 





HD66300T 


measure does not work, since the display data for two 
lines is sampled at one time here. Consequently, de- 
laying the input video signal for a time period corre- 
sponding to the shift between pixels is required. 


SECTION. 


A shift in pixel position 


exists between the lines. eg : 





Figure 4 


Video 
signal 


Delayed video 
signal 


| 


Sampling 
clocks 






For the 2nd line 


For the 1st line 





Figure 5 
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1. Unicolor Triangular Pattern, Double-Rate Sequential Drive Mode 


HD66300T 


- NUN OO D mM 


The Color Sequence for Each Output Pin 





Output Pin Color Sequence 

Di (=D3k+1) R—-o3R~ROR- 
D2(=D3k+2) G>o»GowxGo>4GHo 
D3 (=D3k+3) B>o>B->B—>B-—- 


The Signal Sequence for each Output Pin (In Interlace mode) 





Output Pin Signal Sequence 

1st D1 (=D3k + 1) Vx1 — Vy1 — Vx1 — Vy1 > 

field D2 (=D3k + 2) Vx2 -—» Vy2 > Vx2 - Vy2 > 
D3 (=D3k + 3) Vx3 — Vy3 > Vx3 > Vy3 > 

2nd D1 (=D3k + 1) Vy1 — Vx1 -— Vy1 > Vx1 > 

field D2 (=D3k + 2) Vy2 — Vx2 - Vy2 - Vx2 - 
D3 (=D3k + 3) Vy3 > Vx3 - Vy3 — Vx3 > 

(Refer to MODE 4) 


in non-interlace mode: 


The Signal Sequence for each Output Pin (In non-interlace mode) 


Output Pin Signal Sequence 

1st D1 (=D3k + 1) Vx1 - Vy1 - Vx1 - Vy1 > 

field D2 (=D3k + 2) Vx2 — Vy2 ~ Vx2 - Vy2 > 
D3 (=D3k + 3) Vx3 -— Vy3 - Vx3 > Vy3 > 

2nd D1 (=D3k + 1) Vx1 — Vy1 -» Vx1 > Vy1 > 

field D2 (=D3k + 2) Vx2 -— Vy2 > Vx2 > Vy2 -> 
D3 (=D3k + 3) ~ Vx3 - Vy3 - Vx3 - Vy3 > 


(Refer to MODE 11) 
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1. Unicolor Triangular Pattern, Double-Rate Sequential Drive Mode (Cont.) 


The Connection of Signals in each Field In Interlace Mode 


Vx1 
Vx2 
Vx3 
Vy1 
Vy2 
Vy3 


The Connection of Signals in each Field In 


Per-Field Inversion 


1st Field 
Delayed R 
Delayed G 
Delayed B 
R 

G 

B 


Mode (L/F = low) 


2nd Field 
R 


G 


B 


Delayed R 
Delayed G 
Delayed B 


Per-Field Inversion 


Mode (L/F = low) 


1st Field 
Delayed R 
Delayed G 
Delayed B 
R 

G 

B 


2nd Field 

Delayed R 
Delayed G 
Delayed B 


Per-Line Inversion 


Mode (L/F =high) 


1st Field 
Delayed R 
Delayed G 
Delayed B 
R 

re 

B 


2nd Field 
R 

G 

B 

Delayed R 
Delayed G 
Delayed B 


Non-interlace Mode 


Per-Line Inversion 


Mode (L/F =high) 


1st Field 

Delayed R 
Delayed G 
Delayed B 


@ HITACHI 


2nd Field 
Delayed R 
Delayed G 
Delayed B 
R 

G 

B 
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2. Bicolor Triangular Pattern, Double-Rate Sequential Drive Mode 


HOG6300T 


~- NY MO DVT WH 





The Color Sequence for each Output Pin 


Output Pin Color Sequence 
2nd line D1 (=D3k + 1) R->B—o»R->B—-> 
3rd line D2(=_D3k+2) GoR>~GoR- 
D3 (=D3k+3) BoG>»B>G- 





The Signal Sequence for each Output Pin (in interlace mode) 


Output Pin Signal Sequence 
1st D1 (=D3k + 1) Vx1 —» Vy1 -— Vx1 - Vy1 > 
field D2 (=D3k + 2) Vx2 — Vy2 - Vx2 - Vy2 > 
D3 (=D3k + 3) Vx3 — Vy3 -— Vx3 - Vy3 > 
2nd D1 (=D3k + 1) Vy1 — Vx1 - Vy1 — Vx1 - 
field D2 (=D3k + 2) Vy2 — Vx2 - Vy2 - Vx2 
D3 (=D3k + 3) Vy3 — Vx3 - Vy3 -— Vx3 > 


(Refer to MODE 4) 


The Signal Sequence for each Output Pin (In non-interlace mode) 


Output Pin Signal Sequence 
1st D1 (=D3k + 1) Vx1 — Vy1 — Vx1 - Vy1 > 
field D2 (=D3k + 2) Vx2 — Vy2 -» Vx2 -» Vy2 -» 
D3 (=D3k + 3) Vx3 — Vy3 > Vx3 - Vy3 - 
2nd D1 (=D3k + 1) Vx1 — Vy1 - Vx1 - Vy1 > 
field D2 (=D3k + 2) Vx2 — Vy2 -» Vx2 - Vy2 > 
D3 (=D3k + 3) Vx3 — Vy3 - Vx3 -» Vy3 > 


(Refer to MODE 11) 
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2. Bicolor Triangular Pattern, Double-Rate Sequential Drive Mode (Cont.) 


The Connection of Signals in each Field In Interlace Mode 


Per-Field Inversion Per-Line Inversion 
Mode (L/F = low) Mode (UF =high) 
1st Field 2nd Field 1st Field 2nd Field 


Vx1 Delayed R Delayed R B 


SECTION 


B 
R 


Vx2 Delayed G Delayed G R 


Vx3 Delayed B G Delayed B G 


2 


Vy1 B Delayed R Delayed R 





Vy2 R Delayed G Delayed G 
Vy3 G Delayed B Delayed B 


The Connection of Signals in each Field In Non-interilace Mode 


Per-Field Inversion Per-Line Inversion 

Mode (L/F = low) Mode (L/F =high) 

1st Field 2nd Field 1st Field 2nd Field 
Delayed R Delayed R Delayed R Delayed R 
Delayed G Delayed G Delayed G Delayed G 
Delayed B Delayed B Delayed B Delayed B 
B 3 B 

R R 


G G 
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Connection to LCD Panels In the former mode, the HD66300Ts are set on either 
the upper side or lower side of the panel, while in the 

There are two modes of connecting HD66300T chips latter mode, the HD66300Ts are set on both sides and 

to an LCD panel: the upper drivers and the lowerdrivers are alternately 
connected to each pixel-column. 

1) monodirectional connection mode | 

2) bidirectional connection mode 


SHL SHL 
DL 


HD66300T H066300T 





Figure 6 Monodirectional Connection Mode 


SHL SHL 
L 


HD66300T HD66300T 


D120.) «~DII9 DI20) «=2D119 


1D66300T HD66300T 


SHL SHEL 





Figure 7 Bidirectional Connection Mode 
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Internal Operation 


The HD66300T has four sample and hold circuits for 
each outputs as shown in the block diagram, and its 
internal bidirectional shift register controls which 
circuits to sample data. 


It has three-phase shift clocks with mutual phase 
difference of 120° to drive the shift register, which 
enables driving an LCD panel with mosaic pattern 
and triangular pattern. 


The operation of sample and hold circuits and sam- 


_ HD66300T 


pling operation are described below followed by the 
description of the relationship between three-phase 
shift clock phases and frequencies. 


After the above description, determination of bias 
voltage is described; bias voltage controls driving 
characteristics of a differential amplifier and output 
buffer of the sample and hold circuits. 


Finally, the OE and FD signals are described; they 
determine the operation of the sample and hold shift 
matrix circuit. Timing charts for cach mode follow the 
description. 
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Sample and Hold Circuitry C, and D per LCD drive signal output. Sample and 
| hold circuit pair A and B is supplied with the same 
Operation of Sample and Hold Circuitry sampling clock pulses as circuit pair C and D. One of 


| the signals output by these circuits is connected to an 
The HD66300T has four sampleand hold circuits A, B, output driver. 





Sample and hold 
circuit (A) 






Sample and hold 


ss circuit (B) 
sees Zz | 
signals 





input . | 
0 Sample and hold 
circuit (C) 
0 Sample and hold 0 
kz circuit (D) 
Sampling 0 
clock 1 
Sampling g_ 
clock 2 


Figure 8 Sample and Hold Circuitry 
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These sample and hold circuits repeat sampling and 
outputting of signals alternately to drive an TFT-type 
LCD panel. 


In single-rate sequential drive mode, sampleand hold 
circuits A and Dare alternately used; circuits B and C 
perform sampling operation, but are not used since 
they are not connected to the output driver. 


In single-rate sequential drive mode, one sample and 
hold circuit samples the signal during one horizontal 
scanning period, and outputs it asan LCD drive signal 
in the following horizontal scanning period. 





_HD66300T 


In double-rate sequential drive mode, all sample and 
hold circuits A, B, C, and D are alternately used. 


In double-rate sequential drive mode, two sampleand 
hold circuits sample two signals during one horizon- 
tal scanning period, and output oneofthemasan LCD 
drive signal in the first half of the following horizontal 
scanning period, and output the other signal in the 
second half. 


The following shows the timing charts of sampling 
and outputting operation. 


© HITACHI 
Hitachi America Ltd. ¢ Hitachi Plaza « 2000 Sierra Point Pkwy. © Brisbane, CA 94005-1819 ¢ (415) 589-8300 25 


SECTION 


2 





HDe66300T 


ee ea ne A Sey RRS rns SSE SG PU St = A 


Sample B Not used 


and 
hold 
circuits C Not used 


WSS V/A: 
I, ; 





Figure 9 Sampling Timing charts of Single-Rate Sequential Drive Mode 





a 
a 


j SAMPLING GSC SAMPLING OUTPUT 


Sample B Mj V, SAMPLING g VA SAMPLING 
and 


hold _. 
ri Z q ae 
% CC; 
p | YS sawn | SUIT 
OUTPUT Ce Xe KX A Ke KX 2 MK PD | 


Figure 10 Sampling Timing charts of Double-Rate Sequential Drive Mode 
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Sampling Operation 


The HD66300T has a bidirectional shift register com- 
posed of 120 bits and each bit of the shift register 
generates the sampling pulses to control the sampling 
operation of the four sample and hold circuits con- 
nected to each LCD drive signal output pin. When a 
bit of the shift register is 1, the corresponding sample 
and hold circuits are in the sampling state; when it is 
0, the corresponding sample and hold circuits are in 
the hold state. Consequently, shifting a1 into the shift 


ey 


SHL 





HD66300T 


register activates in turn the sample and hold circuits 
corresponding to cach LCD drive signal output pin. 

Figure 11 is a shift register sketch illustrating the 
relationship between the shift register and the shift 
clocks HCK1, HCK2, and HCK3. Note that the order 
of sampling pulse generation depends on the state of 
pin SHL. D1 corresponds to DL and D120 to DR. 


Figure 12 is a timing chart of sampling pulses gener- 
ated by the shift register. 


Output pins 


Sample and hold circuitry 


O DR shift register 


Figure 11 Shift Register Sketch 
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HCK1 


HCK2 





58s 


er ae oe ee 
wa i al 
Peer 2 
of eee ee 
eo eee ee 
Ee ¢ as 
re ae 
OE as 
Siti) “ee 
i Scieaniiny asin 
(a) SHL=Low 
ceo, acl ee Week ita ahaa ee, 
renee ak (a Foote ne OL 
sate eae ele tel the 
(INPUT) S Eescinrtcaeiapoentntention 
an tt L_¢—— 
- J L«—__ 
a I L¢___§ 


SR118 —_—{ 
Siiji poeta et Dee 


eeeeree oe aug 
«1 


(b) SHL=High 





DR 
(OUTPUT) 


Figure 12 Sampling Pulse Timing Chart 
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Three-Phase Shift Clocks 
Three-Phase Shift Clocks and Sample Start Signal 


Shift clocks HCK1, HCK2, and HCK3, which are 
operation clocks for the shift register, must be three- 
phase clocks with 50-percent duty. The HCK2 clock 
must be generated 120° after the HCK1 clock, and the 
HCK3 clock 240° after the HCK1 clock. Sampling 
operation starts when 1 is input from pin DL or DRat 
a rising edge of the HCK1 clock pulse. 


(a) 


For upper 
drivers 


DL/DR 


For lower 
drivers 


‘“ 


(b) 


Te oumnmel 








HD66300T 


In monodirectional connection mode, al! the HD66300T 
chips must be supplied with the same three-phase 
shift clock pulses. In bidirectional connection mode, 
the frequency of the three-phase shift clock pulses. In 
bidirectional connection mode, the frequency of the 
three-phase shift clocks must be half of that in mono- 
directional connection mode, and the phase shift be- 
tween the upper drivers clocks and the lower drivers 
clocks must be one pixel. 


HCK1 4 P| pe pe 





In Monadirectional Connection Mode 


HCK1 = | | | | | 
HCK2 | | | | 
HCK3 : | | | | 


fn sees: Oe es 
im 1 a a 
6s = os ee an 
DL/DR ee | : | Ee ee eee 


The lower driver clock pulses follow the upper driver clock pulses by one pixel. 


In Bidirectional Connection Mode 


Figure 13 Three-Phase Shift Clocks and Sample Start Signal 
© HITACHI 
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Some position shift exists between the pixels of even for even number lines and those forodd number lines. 
number lines and those of odd number lines for LCD The required phase shift is 1.5 pixels for LCD panels 
panels having triangular patterns. This requires gen- having a unicolor triangular pattern, while it is 0.5 
erating a phase shift between the three-phase clocks pixels for those having a bicolor triangular pattern. 










Ist fi 3 
$ 
ine a 
3 
ra 
2nd line aS) 
° ” 
| ee ry 
3rd fine DL/DR | 
| 1.5—pixel delay 
bg ——————-o 
ee Wace Weal Wee 
. HCK1 
® 
Q 
E ica eee a Cena (Nl Eres 
3 HCK2 
c 
: ell 
D » HCK3 
o€ 
DL/DR 
(a) Unicolor Triangular Patterr 
HCK1 - == L | 
© l 
Ist line 7 Se ee eee 
3 HCK2 
a ! 
ae) 
2nd line 3 7 HCK3 | | | | | | 
. @ t 
oe ! 
3rd line DL/DR J fant ae 
0.5-pixel delay 
—wl—_+<- : 
i ee Mtl ee 
HCK1 
fp) 
@ 
-f] wx LHS LJ LJ. 
@ he 
z ee eee 
a5 HCK3 
[5 SE ong 


DL/DR ee |, eee eNO ert et ew 


(b) Bicolor Triangular Pattern 


Figure 14 
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How to Generate Three-Phase Shift Clocks multiplier such as a PLL circuit. 


Three-phase shift clocks can be generated by dividing The number of horizontal pixels of the LCD panel and 
the base clock, which is generated from a horizontal the valid display ratio determines the base clock 
synchronizing clock, through the use of a frequency frequency f. 


480 pixels (95%) 


Video 
signals 


Horizontal 
retrace period Valid display period 


Figure 15 Base Clock 





If the number of horizontal pixels is 480 and the valid display ratio is 95% in the NTSC system, the base clock 
frequency f is about 9.59 MHz according to the following equation. 


f = (1/valid display period) x (no. of horizontal pixels/valid display ratio) 
= 480/(52.7 usec x 0.95) 
= 9.59 (MHz) 


In general, this clock frequency is again doubled to gencrate a base clock of 2f in order to achieve a clock duty 
of 50%. 


eee = Wee ee? Oa ee 
Oecetes cee OS eee geet 
HCK3 se eee ei ES the 


(a) In Monodirectional Connection. CRW got ene SI Ne, 
HCK3 eS eect © eee 


(>) In Bidirectional Connection 





Figure 16 Three-Phase Shift Clocks 
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Bias Voltage 


The drive capability of the output buffer and differen- 
tial amplifier is controlled by voltages V, ., V, ,,, and 
Vio. Usually, the same level of voltage should be 


applied to these pins. 
The LSI must be used in the range of 
Veo" 49 V < Vio = Vets = Yoo S Yeo" 2.0 V 


As voltages VisB 2 Vik Vv 
the Voc level, the current consumption is reduced but 
rising and falling times increase. On the other hand, as 
they are brought nearer to the GND level, rising and 
falling times are reduced but current consumption 


increases. 


and Vi. are brought nearer to 
QO 


OE Signal 


The OE signal has the following functions: 


OE 
signal 


Output 
signal 


i 
Large ' 
current 


Clock for internal circuits: Controls the sample and 
hold circuitry and the controller of the shift matrix 
circuit, and switches the output signalat the OE signal 
rising edge. 


Switching of drive capability of the output buffer: 
Determines the current drive capability of the output 
buffer; 


OE = high: Drives with large current (300 pA, typ) 
OE = low: Drives with small current (20 pA, typ) 


This function allows the output buffer to operate with 
large current during thetransition of an output signal, 
thus shortening its falling time. At the same time it 
allows the output buffer to operate with small current 
while an output signal is stable, lowering current 
consumption. : 


The drive current is controlled by bias voltages V, | 
bsB 


(large current) and V (small current). 


bski 





1 
Small : 
current ' 


Figure 17 Switching of Drive Capability of the Output Buffer 
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FD Signal 


The FD signal is the field determination signal; a field 
is determined by the state of this signal at the rising 
edge of the OE signal. This signal synchronizes the 
internal controllers with TV signals. 


The order of outputting signals is determined at the 
fourth rising edge of the OE signal after the rising or 
falling edge of the FD signal in double-rate sequential 
drive mode, while it is determined at the third rising 
edgein single-rate sequential drive mode; hereinafter, 
as long as the FD signal is not changed, signals will be 
output in the determined order at most every 12 


Timing Charts for Each Mode 


pulses of the OE signal in double-rate sequential drive 
mode, while at most every 6 pulses in single-rate 
sequential drive mode. 


The FD signal should usually be high in the first field 
and low inthe second field. In some modes, however, 
itshould be high in both fields, but low for at least one- 
pulse time period of the OE signal during the horizon- 
tal scanning period. 


The order of outputting signals and the timing of 
inputting the FD signal vary depending on the mode. 
For more details, refer tothe appropriate timing charts. 


Table 2. Reference timing charts for each mode 


Single (D/S = Low) Double (D/S = High) 


interlace Non-Interlace 
Filter Arrangement Per-Line Per-Field Per-Line  Per-Field Per-Line Per-Field 
Mosaic Top- Bidirec- MODE15 MODE18 MODE 2 MODE 6 MODE 9 MODE 13 
left to tional 
bottom- Monodi- MODE 16 MODE19 MODE 1 MODE 5 MODE 8 MODE 12 
right rectional 
Top- Bidirec- MODE16 MODE19 MODE 1 MODE 5 MODE8 MODE 12 
right to tional 
bottom- Monodi- MODE 15 MODE18 MODE 2 MODE 6 MODE 9 MODE 13 
left rectional 
Vertical stripe MODE 17 MODE20 MODE3 MODE 7 MODE 10 MODE 14 
Unicolor triangular MODE 17 MODE20 MODE 4 MODE 4 MODE 11 MODE 11 
Bicolor triangular MODE 17 MODE17 MODE4 MODE4 MODE11 MODE 11 
Single: Single-rate sequential drive mode 
Double: Double-rate sequential drive mode 
Per-Line: Per-line inversion mode 
Per-Field: Per-field inversion mode 
Bidirectional: Bidirectional connection mode 
Monodirectional: Monodirectional connection mode 
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Video (Sy (282) 23] 26a 
DL/OR | | | | dere Oot ( Cle) dares eneeree cee eee 
mmm 9 eB Be WB Gp ay UR CW Tr Ee 


A (__[ SAMPLE TOUT. J] samPce Jour] [SAMPLE Psampce Jour] [1 SyJouy]) [| 
Sample and| B Tsamece [ [OuTy SAmpce [Out] SAMPLE | [Out] SAMPLE | [oury 4 OUT 


hold cieuits | (| —T SAMPLE TOUT] —_] SAMPLE [OUT] | SAMPLE [OUT] [SAMPLE Tour] \{T SAMPLE TOUT] 
o (T_T same] four] SAMPLE [Jour] samPce] [4ST Sampte [Jour 


D3k+1 XK KK KAI IVAW PRIVY AVA TAVY IVA VY XVI EV ATV RUAN XVZXVy AVES ZK XK 
D3k+2 — XX XK VAY DVI Vy OX DV INUADK Vy IX IK Wy XV VY INVA Z VY DAVIN VAI EX VAD VYIX 


D3k+3 _ XX KK DAD DKA VIKA KU IVEY IXUIKVY XVI XV IX IXVREXW IX _ XK 


First field 








FD 


A (_][. SAMPLE TOUT] | SAMPLE TouT] __[ sampLce Toul] [| Vou 
Sample and} g [| [LL SAMPLE TT Jouty SAMPLET Tout] SAmprey] Jour. [)\.. Jou] _] 


. hold ciruits . TOT OO TE SAMPLE TOUT SAMPLE JOUTT [SAMPLE ] \ [ sampre Tout] ] 

: c 

: | 

qo 
D3k+2 
| 03k-+3 XK KKK KX NUDED DODGED XW NINN) XEDTEXTIXN XX 
: | 
Ga-] sc Na ae a eee 
Ga-2 sd eee ie cee ee 4G 
1Ga-480 


@ HITACHI 
34 Hitachi America Ltd. ¢ Hitachi Plaza ¢ 2000 Sierra Point Pkwy. Brisbane, CA 94005-1819 © (415) 589-8300 


First field 


Second fieid 





_ HD66300T 


"MODE 2 
ee aa 
fs hee se 
“MSFL |) GND 

“ oMSF2. | GND | 


video 21 [22] [23] [2] [8 (ee) fa) ae) es a) FST (a7 esa] 26a 
DL/OR | l l —— | |i | 


) samme oes Be fF WO ie 


ac a a aaa ace eee 


A (__[ SAMPLE ~ [SAMPLE [Cut SAMPLE [OUT SAMPLE [OUT[ [| Your] (4 
Sample and | 8 (Sauce [—Joury sarc SHAE] OUT Sa oT WT our 




























hold ciruits | ; SAMPLE ] OU SAMPLE._| SAMPLE LUT SAMPLE [OUT] )) ] SAMPLE | OUT] 
D [SAMPLE SAMPLE | [Out] SAMMIE | [QUT] SAMPLE | 5 [SAMPLE | our] 
DIK 1 KR KK KIDDE ROXT IX NTXEDY XRIXXEXTIX OR 
DIK +2 NS HK MK KdV IK Vx PX Vy 2>KV IK Vy IXVRAKVy XV DX Vy DXVH IK Vy DKVHOK Vy KVR MV DX VAX XIX VIX OK 
pak 3 XX KX EXD EDD EDD EDD ENDED CD METEOR 
Ga-1} 
Ga-2 
Ga- 480 
282 28 2 5 6 | [ 287 | | | { 289 ] [ 230 1 | $2 ! 2 
Witsoe 283 ga [285 ] [28 87 | { 288 | [ 239 290 | [291 cy | [525 ] 
2 OF) ena a CRE Seca | Riri (SMesee: /ERemeee eee [APENRIS EUR ( QUER UNONC Mr eee Seber Aes 
Summ oO es Um OB i Oe 
FD | Ame. cai 
A Cs or a oa oor 
ee and} B [J LOT saere or sare [four seer oot ST Ta] 
eee { ee JT [sampce Tour, [samece Jour] samprt Tour Tour [SAMPLE jour 
D - [[sampce [ Jout[ sampre [Tout] samme] out] samece | BS [ samme] | | 
‘“ 
DIKE XTX XXX KX DEDEDE EDD EDGE XDD ORR 
DIK+2 XK K XTX KK DED DCD DENIED CTD, EOIN ROR 
DIKES XK XOX XK DED EDD DDE DY XEROX RR 
Cs eee ae onan eee IO! Ad Oe SAA WeRen ene eae Ree ee Cera eee, 
Se ae oe 
Ga: 480 
See ee eee ee ane eee RON Pee RT EES eee re ae RAR ee eer ON «ORNS: Mies Rta ee ae 
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Video aafextteat ee 

DL/DR | | 5 | | Bi a Erie ened ( (Be eet eee 

mmm fa eH me ef es KY 0 ee 

FD sn lf Ee ee ee, 
SAMPLE [OUT] | SAMPLE [OUT] | SAMPLE [OUT] | SAMPLE Pe | 

Sample and| 8 [__] SAMPLE TOUT] SAMPLE] SAMPLE [__ Jour] sawrce [pour 1 {our 7 


A 
B 
ROMPSIGNS 1G [ [SAMPLE our SAMPLE [OUT] | SAMPLE [OUT] | SAMPLE TouTT JT 
D SAMPLE [Tout] SAMPLE [| TouT[ SAMPLE ES) T)) [SAMPLE | [our] 








D3K+1 XX XK KV AVA TAVY VV LAVY DV IVY DVDR VY DV DIY IV DV RVR KV UX AVX DV IX X 
D3k+2 XX XK XVAKVZKVxAK Vy 2K Vr DV ZVXK VV AKVAZK Vy OVA VyY ERUAZVYEXVRENY KVP ZXVRLKVV EX __K 


D3kK+3 XX XK XVI IKV IN IK IK Vy IKI IKVe IK Vy SK VIA IRVIN Vy IKVAINY_ XVI Wy INVAIKVYIK XK 


Ga-2 ae eae TS ee pe ae ee ee 





Video 282 283 284 ~[ 285 | [ 286 ] { 287] f 288 | { 289} [ 290 | [ aor jf Gt 525) 2 


5 0); ee aS Renae” CORT es eRNNOe! Neca) Rees Ae Somes Uae eceieined Bet ( Gots (ea Nmeeie eee RnEE aren 
Ge JP eee eee Ley 


- a 


A CTT SE Jou TSE oT] SAMPLE To Sa 
Samplo and | 43 { | | [ [ sampur [ Joury Same. = Sone SAMPLE aes | SS | fourp 
hold cirusts 
| [| SAMPLE [OUT __[Lsampce Tout] fouTL§ [ SAMPLE = 


}o COO TSA ET Jour samirce SAMPLE “aaa SE 


D3k+1 Vy DX Va DX Vy DX DX Vy XV LX Vy EV DX Vy LXV LXV DXA DY XVI VY DX OK 
O3k+2 xX KX KX KX XS TDG TOOK MX AXT XT KUEXWOXTX ON 
D3k+3 XXX XX XX _ KG satel soci oaeca 


Ga-] ee ee at Vs eee ie we ee ee Be Se ies &. 
Ga-2 ees lage ree ace areeesan)) 
Ga-480 eee ey a : 
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MODE 4 
Sey au ee 
L/F Vee /GND_ 
“MSF 
“wsr2 | GND 
Video Eg ee cee ee 30 | [ 5) ] [ 262 | [263 264 


A (SAMPLE [OUT] [SAMPLE Tour] [SAMPLE TOUT] [SaMme TOUT] —_] ———— 
Sample and| 8 [OL SAMPLE [OUT] Sampre [JOU] SAMPLE | Joury sawPce {_—Joury TS] joury——_—} 
hold ciruits | ¢ —— SAMPLE TOUT] | SAMPLE [OUT] | SAMPLE TOUT] [SAMPLE TOUT] )) TT SAMPLE TOUT] —_] 
D 








SAMPLE [ [OUT] SAMPLE | [our] SAMPLE [Jour] Sampce] 1) Samre |_—_ Jour] 
D3k+1 XX XK X XxX vy ve DX DX va vy DX Va DX Vy XV DX Vy XV DV DUE Vy LXV DRY XV IXY XV XIX X 
D3k+2 XX XK V2 K Wy eK VK Vy DK Vx XV ONVAZN Vy 2X VAAN Vy 2K VAX Vy 2K KV EVAL XVnZ KV 2K VAX VAX 
D3k+3 _ X X XX XK KVM Vy DV IK Vy IX Va IX Vy IK Ve INV y NVI Vy IK VIA Vy INV IK VY SVAN XV IX Vy IKVAINVIN OX 
Ga-1 
Ga-2 
Ga-480 
Video £82 283 24 285 | { 286 | [ 287 | [ 288 | [ 289 | [ 290 | [ 291} f SN} 525] 3 2 
2] 5; ec a ec: LAR came LOE ew Leaeeesed Oeemaneh LONE (ee tteaest CAOr (Cones (en eet cere eee neies 
ge “RAPALA ere eee Saris 
FD L oe SS ee 
A CCDC TC TT SAWP Jour] Sane Jour. | Same Tout A 
ees TT Sarena —Toury samPce Jour! {Jour 7) 
10 crunts 
TTT Sa TOUT SAME TOUT — Sac Tour \Y Sanne Tour 
0 CTE SAMPLE | JouT] SAMPLE | Jour] Sammie | [S)[ Samrce TT] 
~ 


O3k+1 KX XX KX KX KK DADDY ROAD DRY DVD DVI) VDD IX XD 
D3k+2 XX XX KK HK KAPUR VZV VZV EVAL ERVAZAY_ XVAZKWEXRVZX KX 


O33 ROX RT RK RR GIG IIE DDI IXNUIXIN XXX KY 


a ac a et 
Ga-480 EEA arenas 
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ceemeoeethamanredimnmmies ane emeapomeenenenenenmmmen tenentn or imanantenierommnesrannraeaean ne’ an eae ania cee ee Te Rene a OO 


x 
\ 


MODE 5 
o/s [| Vee 
tse | GND 
; MSFI : GND - 

MSF2 | Veo 


Video’ -22) 2.21 22] | 23 | [2a ) [2s ) (26) [27] 28 | | 23] [30] [Sy [eee ) 263 264 
9) ; Sea nane Re RELI A eRe Seeece RL DEDCMENN, Wealuree Geom neane! WerinoreNes Denied (Ne (O00 Sete 
OF TEL ee Le Eee ee ae Ee 
op es So eee 
(TEMPLE TOUT[ | SAMPLE TOUT] SAMPLE Tout] | Zant Yay 

Ey MP SAW SC) 
[ [ [s “SAMPLE TOUT[ | SAMPLE [OUT] [| SAMPLE] fouTT YS [SAMPLE [Out] J 
{ TT SAMPLE OUT] SAMPLE [ TOUT. SAMPLE | aT [SAMPLE | [OUT] 


D3KAD XK XK KV IVA KV ANY DX Ve IK KDC VV KUO XW KV ZX I AVEDA MVAA KV KV IKVAZK YK 
DBZ — KR KK REV DK IK VD DV INVA IXVADK DV DKVDXVED KA INY KU IK VAX DX VXI _X 


D343 KR KK MITTIN TDI HIKE 






Sample and 


hold ciruits AMPLE [OU 


oO DO > 


Ga-} 
Ga-2 


Ga-480 





fais 282 283 284 [285 287 | [ 288 ] [289 | [290 ] [237 ] | § | (525) 1 2 


OOP a i oe 
oe LLL LeeLee aa Lae 


J ea eee enero eenre DOE A | LE ea Se nee eer 
oe teal RE BA [Sa Tout] —T SE [OT — oe ToT Ce 
sample and) g(a ToT SET Torry Same or TST Torr 





Ae armament ttre nin Mane eth tet tar rent onsen 














D3k-+1 XX KDA ADDON TMX RR 
D3k+2 KEES DMD DDD EXD ED ODODE KX 





LGa-480 
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| Move 6 


TODS hs Vee. 
L/F | GND 

“omsFl [GND 

oMSF2. | GND 


Video 20, [22] [257] [RE] AE we ar 8 [Fa ae sL_ 


DL/OR | | | | | [eet | a eae (ae 


emu (0 8 Ws a en ge ee Gf Os WS Us Wg i 
FTE sensenneaeER ERE Se SECTION 


[TT SAMPLE TOUT] [SAMPLE Tour] [Sampceé Tour [sample Tourt “TT )) Joury TT 
Sample and] g [__| SAMPLE [OUT] SAMPLE | JOUIT SAMPLE [OuT| SAMPLE [Jour] 
hold ciruit 
ore crews tc (TT Sate Tour] SAMPeE SAMPLE TOUT] [| SAMPLE TOUTT )) T SAMPLE TOUTT 


op tC] [sampce] Jour] samece | Jour] samece [our § [samice | Jour] 











D3kK+1 XK KK KVR VZV IK VD ZV VV AVA IK VA INU DRI VZKVAINY AVAIAVAI VEX X 
D3k+2 XX XK VA IV DX VAIN Va DVD Vi IKV x DRVXDKV INVA DVD VIKA) KV V2 KV IK VD _X 
D3k+3 _ XX XXXVI Va DUK IVa DURE Va KV DVD VIX UR DAVAO IK VDA XVAEK VIXIA X 
Cp, ce ee a a 
Ga-2 sc a a ee 
Ga-480 Rea ce 
Video 282 283 28a [285] [286] [ear] [288] [289 |] ioe a 8 ee 
| 5); <r eee Sse (lente tts Caeser es) even mins Game! CANeO GRANT oI Rt (qh [geeRecenste ieee eerene 
oe “EPL Lee eee eer ee Serie t. 
FD | cat Aas Eateare | esate ero enenenraee scarves eer nerOes 

aA CoD Tsar [SAMPLE TOUT — [SAMPLE Tour 1) jour 7} 
Soe ees ee [T_T Saar Tour SaMrce Jour y same Tour SST orld 

c CT TT sare Your] Sark [OUT Samibce Tour] SPT samme Tour] —_] 

po (TT sampce Tour] SaMrce sample [Tour] sample] TS) T samme] 

‘\ 
D3k+1 KK X X X K KK Ky ixXwAXwaXw Kw2Xwy Vy XW AX VIX IXVAXVINY NW IXWIXW2X KX 
D3k+2 XX KX XX KX _ Ky Kw 3X vy vy 2XVy KW Vy RW Dy OX EX IK VY | \ XXX RX 
D3k+3 xX XK X X KX XK Ny Xvy2Xvy Ivy Vy AV KVy LX Vy 2 Wy IK Vy | Gra Mw exwaxwrKX X X 
Ga-] Ss ee 
SS ee ee 
Ga-480 Re ere 

gh ea a Ra Se in ae er eee pl wean earn 
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A (COL SAMPCE TOUT Ty SawPce TOUT] | Sapte Tour] [saute Joury Sf your. J 
Sample and] B [_[ SAMPLE [OUT] SAMPLE [OUT] SAMDLE | Jour[ sawpce | Joury yy joury J 


hold curuits | (—__]__T SawPLe TOUT] SAMPLE [OUT] | SAMPLE [OUT] [SAMPLE Tour] \{] SAMPLE TOUT] —] 
po (T_T sane four] SAMPLE T_Joury sampcey] |S) ] SamPie | Jour] 


Dab OKT KR ETT TD DEDEDE TTX) XRINTAIXTEIX OX 
D3k+2 — XX KK DAV AAV AK VZV AAV DUA KV x ZV RK VAX VX ZVAZKVAZDKV ANY KV ZKVAKVAEK XX 
O3k+3 _ XX XK KW IKVAIV INV IV IKVK INV INV INV INV INV INVA IKVIIKVAINVEIM VAIKVIKVAIXK KX 








Video 282 283284 [785 781 750 fase a es 


DE |, ea eae EPS, See) AMMEN] ntarea ecemeNne este vent Le anervo (meet! Goet ( Coed create nee mean one awe 
ome Ol tl a 0 Oe oe Ue 
FD ee as a eee 


Anta [TT samrce Jour] SAMPLE [OUT ee ys ne 


Fold chars | 8 CL TTT sare Tour] Sart T—Toury sampce [Jour TST our 
c (TTT San TTT Sane TOUT] ——TSawece Toury \\T sane Tour] 
> (TT saurte [Jour] santé [Jour] sauce [Jour] sawpce TTS) samere TT 


D3k+1 XXX KK KK Kew Xr KX vy Wy XW IK vy Xv DW XV XW DY XW DKW XIX X_N 
D3k+2 — XK XK KR KK K NWXWwAXW AX AX WarwaxwaXwOXWaxvvoXwaXWan) _KWaXWaXw2X KK 


D3k+3 XX XX XXX ODD DOD DOOD XDD RX _Y 


Ga-] ha ta Eg a ea et 
as et 


ie = 
©) HITACHI 
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“MODE 8 8 
o/s | Vee 
L/F | Vee 
MSF | GND 
MSF2 | Vee 


Video 21 22 23 25 1[ 26 28 30 262 263 264 
7, | {24 | [ a pet [28] [23 | [30_] | | 263 264 


DIOR ae ae Le 
6 Semmes a a Cs 7 ve D0 Gf) you mre) 
FD ee aaa : 
A SAMPLE TOI MPLE TOU B) W LUE ee 
Sample and} B [ [sampce T  foury sampce | rout] y our) 
NOG OHS Vc TTS TOUT aere Pour] | Sace Jour] —T sawere Tour] ST sawece four] —_] 
Dd { [| _[ Sampre | SAMP OUT] SAMPLE SAMPLE |_| (CT SAMPLE 
D3KA1 XK KK KD VAD Hy DX IXY DK V DKW DK Dy XV IAW OX VA DAVY SVAN) VEDA DARI VZ KOK 
Dak? XX shdmproebed icine 


D3kK+3 KK KK Kwa AIK KIWI DVS EVEL) 


! Ga-] Saeecarineercreee al Seewewrces 
Ga-2 i Plt atest See eta 


Ga-480 








SAMPLE = SAMPLE | [OUT 

















Video 283 234 285 286 287 288 289 | 299 29) £92 524 


2 
5c); ape nance mScuer! LORIENT) SDR enc EReeve® Uictesnes Je erenees Leena: Herevemres! (CemNSOn noe (eat reer onaet 
6: (Oe a ee oa al, 


FD | siete aeps 
Sainple and | g ee OUTT SAMPLE | 
pean c [L.__ JT JT SAMPLE Tour] SAMPLE [OUI Sapte [OUT] _ See eee ee 


7 oo {{— i cee 
DIE XT ROX DDN DDE TID EDD DDE DED) DED ODED 
pat. RK KK EN DENIED ED DED ENDED) OXIDE XK 
IAI KTR DDE DEDEDE NED DEDEDE DEDEDE DEM, MEDD 





SAN? 








GA <iaanee ee eco et A Tg ce ea ime eae i eco 
Gag JL 





.G a -480 ee Oe ee ee _ aie is i es Saeed a 


co = 
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Video 21 22 23 26 }{ 29 |{ 30 | { jit f 262 | 263 264 


DL/DR | | | | | | | ss | a eG eas 
oe Ae eee eer 
[ [SAMPLE [OUT] | SAwPLE [OUT] [SAMPLE Jour] [SAMPLE Toury JT Sour) 


Sample and} [[samPie | [Out] sampLe | [our] Sammie] Jour] sAmpLe |] Jour] |) Jour] 

d cirui iz 
hold cuts | [TT saurte Jour sae four] [| SAMPLE [OUT] | SamPLe Jour] \) | SAMPLE [our] 
[CL SL SAmPueE | fout[ sampLe | [our] Sampte |  fout[ sampce | | “(7 sampce] Jour] 


D3k+1 — XK XK VAD Vy AK IKVy XV DK Vy DK Vx XV DK VK Vy DX Vx 2K Vy DK VA DXVVZKVESNY| VK IXVY DXVRDXVYIK XK 
D3kK+2 _ X XM XK XK _XVAKVy IK Va Vy AK Vx IX Vy AVX 2K Vy IK DX VV DKW Vy DX VAX Vy IRV DANY XV XVy2 VXI VY DX OK 


D3k+3 _ XX XK XK IAP VAD AV KV IAV IVEY IVAW EVE IXW IVE), XVII NYEK 


Ga-1 sa UE sae i a ae 
Ga-2 fot 


~ mee we a 


Ga-480 eteescoet 






a [__[Savece Tour] —T Sampce Jour] [Samer Tout, | sawpre Jour] [19 —— 

Sample and | g SRE TSaTT See | — Joo SE |e [Te 
POE NS | (TSE OUT TAPE [OTT SAMPLE TOUT] Sanrce Tour] ST Saar TOUT] —] 
| TT sampce [ Joutp sampre [ Jour[ samece | [our] SAMPce —— 


D3K+T _ XK KX KY VV DV DV DV TV y VZV IRV TD XVy ZV XIV LAVA KVY IN) KY IKEDA 2KVAIK 


D3k+2 _X XX _X_ KeyEVIKW MVD INV IW XV INV AVAZAKVy KV EVI IN) XW IX VARY INVEIK 


D3k+3 XX KX X_KvyKVU KV ARV DV AK Vy KV DAW KV IXY XV KW IX VED ZN) OK EX VIX XV XK 


Ga-1 See a 
Ga-480 setchinacihcitesdaniesttiadeae aes Fle sonia 


(Co}} 7 = 
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MODE10 
a ae aoe 
ibe Ps: New 
MSFT | Voc 
MSF2 | Veo 


[Sampce [OUT] [SAMPLE Tour] [Samp [out] [SAMPLE Jour] [| 
[[Sawrce [Jour] sate [Jour] Sapte] Jour] sawPce [Jory 1ST oury 
[__T SaPlé [OUT] [SAMPLE TOUT. Sammie Jour] | sampce [our] {fT samece [our] —_] 
Tsar [Jour] sawece [Jour] sawpce [Jour] sawere [ [VT sawete [Tour] 


D3k+1 XX KX KY DDK DV Dy DK Vi KY OX VK DAVY DV IAW EX Ve DX VAT) XV XV IX 
D3K+2 _ KK KX AK AXA Vy ANU IVAW 2X Wy AKVDKW EVV EVEN XVXAXVYEXVAZ RVR XK 


D3kK+3 — XK KK _XvIKW IX VD VD IMI IKI NIKI ING UIKY INU) KXVINV IVI _K 


Ga-1 ee ee eee a | Ces 
Ga-2 Se ee 





Sample and | B 
hold ciruits 


Sa 


Ga-480 | 






Video 283 | 285 | { 2386 | | 287 | [2g | [290 | [ 201) [ 22} Sh sea 2, 


DL/OR istic ls ibs OR ie ie hc he ES 
ge Oe ea eee ELE 


acs ere cn a ee ee ee 





‘a (_[siwpce Toor, T sawn Te SAMPLE sampce Toull TJ] )) four, jf | 






Sample and 
hold ciruits 


SanPce [TOUT sare | [our] sammie [Jour] sampce | Joury {Tour 
TT SAE OTT] SAME TOUT] SAME [OUT] SAMPLE TouTT {fT Samece TOUT] —] 
[[ sanpce [Jour] sarc [Jour] sampce | Jour] samme [TSP] Sawece Tour] 


D3KE VX KR RX TED KV DX VAY XV DU VY DXA DX Vy DV DX XAT DY) XW DX XVI A 
D3kK+2 KK XK YAK ANAK OX DLW IKK VY RVI DKW KVR INVVAXUAKY IN) VY EXVAAKVYEMVEEA _X 
D3k-+3 _ ¥y3 (5). GP), Vid Ky dX vad Vy 3XVx I XKVy3 Oni and Wy KK Vx3 (WI) Wy IKVAIKVYIXVIX YX 





ce ft 
Ga-2 feces a, Yio Peewee eee au 


Ga-480 ; pea ee (a ae 
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MODE | 





Video 2122 i 9 EO 253264 


DL/DR | | | | | _ | Sree EOOUenes Cn, (UR) Lv eee are ee 


98 LAU 
0 ——/“ 


A fsampce [OuT[ | SamPLe Tout] | SAMPLE [OUT SAMPLE [OUT] | AY your] = 


Sample and| B [“Tsampte [Jour] Sawpit sampce | Jour] sawpce Tfoury Ty T_ouy 4 
ae SAME “SAMPLE i 
nem Ns YL SaMPLE [OUT] — [SAMPLE TOUT] —[ SAMPLE [OUTT [sammie Tour {{ | sauce Jour] J 


















rs) Dt [| __[sampce [ four] sampce [Jour] sampce [Tout] sampce P\\ [sampce [four 

2 , 

a 

PT D8KAL KK XK KD DOD DI DU DU DY DXV DY DX EX Vic Dy XVID XD XV XVID X_N 
D3k+2 _ XX XX VA Vy AVX AVE Wy EKA KW ENE Vy EXVZ VY KVR 2X) VAL ZXVKAXVYDK DK 
D3k+3 _ XX XX KIKI VI INV IY KV IKVY QV INV KV INVY INV ITINN XVIKNVI IAVAIKVIK _K 
oe eee OE, ge SOE Oe ee a 
Ga-2 PL 
Ga-480 ee a oN SRaD eDiets at 

aa a ee a a eaves 

Video 283 284 290 | [ 291] f 2o2 [S| 524 —_ 
© [°,, onan eete aSIne USN Sotmesner eeeNnASen Lense, RWW: HOROMINS! Cmteneen Exot ( GM Lease Peeetesnrneemonaane? 
Of “Lee ee Re re ea Le Lik, 
FO EL SAMO Eee mee SEMEL | Ine eee ORATION 
Sample and} g [_[SAMPLE | SAMPLE | [OUT] SAMPLE ourlsamPce [  Jouty | T_qour] 
nS f |__| SAMPLE [OUT SAMPLE [GUT] | SAMPLE [OUT SAMPLE [OUT " [SAMPLE 

2 | pnormemenmn aie _ 

£ o (__[_]SamPte [Tour samPe] Jour] samme [Jour] sammie [SCT sauce [Jour] 

G 

Cc 

ce) 

8 | o3k-+1 DD ID CD ID LDDDD DEDEDE ADDED 


roe 


Vy2 Vy2 
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MODE 12 
i; ae ie ae 
—t/e | GND 
MSFT | GND” 
MSE2. 1 Veo. 
Video 21 22 26 28 30 262 263 264 





DL/DR | | | | | | | | | «( | 

OF AEP ee en era eee eee a ba pial. 

> a Sn 
A (_[SAmPCE TOUT] [Sante Tour] [samme Joury saat Jour, four i? 

Sample and} B [— [SAMPLE | [OUT| samPLe | [Our] Sawmte | Jour] sme] Jour] [fT Jour, ] 


hold ciruits 
[TT Same Tour] Same Jour] —_[sanpte Tour] [samme Jour] Sf] samme Tour, 
D {if _ _[samece | Jourfsamece [Jour] sampre [Tout] samece TW samme | [our] 


D3kK+1 XN DKK KVR DIXON VIX IKV KEATON KT EXT IKI IXTEOK KX 
D3k+2 KK KV V NVI DK VX KV ENT XV NVR OX DX IKVOXVADK VED) VE IXVRBXVEDXVAIX WK 


D3k+3 _ XX XK X_KVINVA VIVIAN TRU IV RAK VA IWIN RAVI IVER IY KV IKVIKVARVA IN XK 





Ga-1 
Ga-2 
Ga-480 
Video 283 284 | 285 | | 286 | | 287 291 292 \ 1 [524 4 2. 


DL/DR —___|_|_1 J _[ | tg 
a) Samm Oe i 9 ee oD Ug 0 ot FF Hg 


Be ee el 
A SAMPLE [OUT] | SAWPLE [OUT] [care TOUT] same T_T {fou 
[Tame [OUT SAMPLE [Jour] SAMPLE [Jour] sample [Jour] TI T-_Toury J 
[TL SAMPLE [OUT] [SAME [OUT [SAMPLE [OUT] SaarLe Jour] 4] Sarre Tour] 


op (LT sanre [Jour] sauce [Jour] Sawpce [—Toury sauce Tsar Jour) 


D3K+T ROKK OX XW IKK DDT XTX DX KHOI IXH INTO) KUDXT XTX 
eT... OD. CD OD. OD DDD OD ID OD OD CD CDAD UD a: 


D3k+3 XX XX KIDDIE KEK XR 


Sample and 
hold ciruits 





Se ee er a ee eae ee ee eR 
BS 


Sasa a i Ne oe Pe Gh cg cle es tee 0 ene cat 
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First field 


re 


Second field 


ete ct neta net ee fers A n-ne nea 
tS 
t 
t 
4 
I 
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~ MODEI3- 


Video 2) 22 25 26 27 | {[ 28 30 | { \] [ 262 263 264 | 


DL/OR | ! | | | | | | | (( | 

CF LIL LLL__LLAL_AL_ LALA AL@L_PLLSA@LPLPLLLWL_”j 

FD a 
‘a (__[sawpce Tour] T sapce Joury [Same Jour] saurce Jour, yfjoury 1) 

Sample and] B [ [samPce | [out] SAMPLe Ee Td EI Socoaecee ee Cs 

hold ciruit 

sara [SAMPLE TOUT] —T SaMPce Tour = 












D SAMPLE isan ee 
D3KAT XK XK XV AKVAZAV DW DVAV IK V DVI VD V VIX VDI) XV IXVDKVRAXVAIX 
D3k +2 — XK XX VDL VDA VRAK We KV VA IV IX XVI IKI KIX IXKUD XV DXVADXIXVADX 
D3k-+-3 PV IVT VAZKV IV IV IK Vt IV IVA KV IQA TVR IKV IVAN XA KVAIKVAKVZK 
OR ee ee eae eee a eee eae ane ne Se ee 


Video 283 284 286 298 | { 289 } [ 290 | [ 291] [292 | I S7 ] ! 2 


BEDE eee ge te hee hee eel ae 
oe. SEPIA Pe eee ee ee ia e 


FO (( 

/ TE 5 — . —— 

A {__[sampce Tourf | sampce fou! sampce [out] [| fF Jour] lout] | 
Sample and | g ae [ SAMPLE =aeacu SAMPLE [T_ [OUT] SAMPLE | lout SAMPLE [ [OUT] __ : Ns A Coc 
PIG eHnuItS SAMPLE SAMPLE [OUT SAMPLE \ | SAMPLE [oul] _] 

) = = SAMPLE [| _[OUT[ SAMPLE [| __[OuT] SAMPLE [ [oul] SAMPLE] _| MYT samece [four] 


D3k+1 KX XK XW Xv AK VAL IND AX IXY MN EXV DW I KXWAXWIN) NGIXDINWIXWIX _K 
O3k+2 XX X XK X _Xvy2XvIKV IXW 2X Vy INV INV ZX dy SKYY DX Vy EV IK Vy LXV 2 XV IVY | {\ Cy DX WEXWaXwIX 
DIKES KKK KX KDI GOOG DGD DT NGA IUIXGAM) KGXTIXW KEK 
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SECTION 





a _| . 
A “SAMPLE TouTT [| ‘f [suty J 
Sample and} B [ — [samece [| Jout] samece [ [out] Sampie SAMPLE GuTy | ‘f [ jouT 
hold circuits ane St SERA ES 
Cc [ [SAMPLE TOUT] [SAMPLE [CUT] [| SAMPLE Tout | SAmPre four] Yq SAMPLE TOUT[ | 

















3 D : “SAMPLE SAMPLE SAMPLE 
a “ 
2 
vi pe 
Fe DGD... GD. ALD CD OD ALD.) CD CD), OD ID AID) ED) LD COD EDD AS <1) CD AED Ca) 
| 03k +2 KX KX KK vn2d0x2) TEXT XTX KTR IK KK DXTEXAXTOXT NY XVA2 KV 2XVAD KIX x 
| 
03k ROKK HENNE DENIED DODD ONT VOID EDEN OX 
Ga-l Seer ieee! aiat | Cmmecaee cece annc nna ( Ene 
Ga-2 eee memes UE eerie arc reece nee | 
Ga-480 
Video 283 284 [285 | [eae] [a7] [88 | [785] ae cn eee ee 
DL/DR ee reeene ess Caeeeeras Leeeeeiers Steers CeoievWted name nent Nuits) Ceseemer] Meenas lee (i Seeneties ete net ner are 
Ce eee eee er eee PL 
a ea sa ae eo ee ee 
7 yoy) 
Sample and | OUT] SAMPLE OUT] SAMPLE OUT] SAMP:E | [our] oy t_foury J 
en hc CTS ATE TOUT SAREE TOT | STE TOT Sa TOT YT Saree TOT) 
2 o [ [ [sampce TO J[ourf[sampre [Jour] sampce [ Jour[ sampre [| Ww SAMPLE | [Gur] 
wD " 
Cc 
S F 
a .9.€D.ED. CD. CD UD DD UD.TD UD. CUD CDAD CDAD DDD. CD CD, a. 





O32 XK KDC PEND 
036+3 XXX XK KG DODO OI GOI KIX 


CO am ate rarer, PAG] CDS ee On OEE eee ete I (CE ee tee 
Gee, poche ie ote ee Ra ers 


Noa deo te ee ee 
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MODES 

~—p/s | GND 
6 aan eae ae 

omsFi | GND 
“MSF2 | Veg 


Wise: 202i 2] [26] [2 5) (30) Car] Cae] 3a] Oy eee) ees] 268 
1: ae ace Scare ert: eres SO OE ME CN OE EPR NS (Oe ee 


ee ge a eg ee Ge 
nd Pe 


A [__ BawPce| OUT [Sawrce | our [sauce] our [sare] Out [sume] OUT [ommcel Sp curt] 

Sample 
and B AEN 
hold C ASA 
ciruits 

= D [| Sapte OUT J samuel OUT out [samme] “our TW Tsawrcey OUT] 

2 

& | O3k+T XK XK at XK wy Xv XW XK ve X Wed XW? X WX wt XX vee XW XX 
D3ae+2 _X XX Xe XK wa X ver X ve X vad KX Wt X vee X vy X vel XK we XY X va KX wi KX 
D9k+3 _X XX XX Wt XK vee X v3 X vei XK WX Vad XK Wt X V2 X wy3 K LX Vel XK W2 XX 
Ga-1 Soot et CU 
Ga-2 | = aS 
Ga-240 Scennenetl Mabe erence peice | 
Video 280 281 282 283 284 [285] [286] [287] [288] 289| [290] { 291] [292] | 293) (7) [525] 1 2 
are ee NSN, ROME OveUn [mn Som (Paever (eter (reel ots Rene 
OE (oh a Be Ses tn ve me eS De Ee ee De eee eo 
FD a Et a a ee 

A out [sampre] our [sampre[ our [sampce]  S\ [sampce] our | 

Sample B Ear ai 
and 

seg OIE ce ALIN 

eon’ to Circ Tsar [OUT [sme] OUT Tekan Tour 

0 

ing 

o 

Bl ost 1 XK KF Xe Kt Kw XX KK? Xd XE 


D3k+2 TKK XOX EK KX XXX EK XE 
pakt3 XXX KEK KEK KT XK KE 
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Video 
DL/DR 
OE 


FD 








SAMPLE SAMPLE 


A UC 





SAMPLE 





OUT 





A) LL 


Sample 
and B est dy | 


hold Cc AMT 


ey [T_T SAMPLE SAMPLE] OUT [SAMPLE] OUT SAMPLE] OUT [| (CT SAmPLE] OUT | 

D3k- + 
Dk+2 XX XX XK wi Xa XK we Kv XK WX AX wi Ka Kw? XP Xe Kw XK 
DK+3 XXX Xa XK we KK Xe XT XX HEX VT XI XK SYK Xt) 


Ga-1 


Mane a a aN Nc a a 
20 a te ee 


; 286 281 282 283 sent 285) [286] [287] 289} [290] [291] [292] | 293] | \ 1 2 
Video oes) 8 panei al Racca Waa - — 

DL/DR | ee EO) eee, eae) SRAM, (POI (ercDeatS nee Hi ( erat Steeveere ces eeeeeaen 
OE ie ee 


os a a a a ee eee 
Cp | | | [sampueT Our [sampce] out [Samrie] out [samme]  \\[samPte] out | 

Sample 4H 

B 

and 

hold Cc AEH 

CITUS 





SAMPLE OL sampxe [ OUT [sauce Tout TMT our ] 
O31 XX XK TKK EXE XT XI 
D3k+ 2 XK KO XTX XE EX 
paet3 DKK KKK KI KEK HIT X WET X WX SX KX 


a rs 
Ga-2 eee | oe. ka ener al 
OO a Stee ped 
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MODE17 


A ( A fs same | Out SAMPLE [| OUT [SamPce, OUT [SAMPLE] OUT | SAMPLE T_T OUT | 
ample 
ata B AEA 

hold |{C ASH 

Ciruits 

D (—[—Tsanece cat sane] our [sare SAMPLE] OUT [SAMPLE] OUT [VT saver] OUT] 

Ee 
a ees v % 
& | D3k+ CS ae: (Ved X Vy XK vet X Wy XK Vet X Wt X Val XK WX Wel X wt XX wd X WI XX 


Dak+3 XXX Xs Xe XX Xe Xs XS Ks XS KK XX 


SS ee a | ee ee, See ee 
Ga 7 2 ae Se eat | See ———— SEER { 


O3k+2 XX XX eX we XK Vee X wy2 KX Ve2 KX we XK Vaz KX wy? KX V2 Xv? XX MAK we XK 
Ga-240 SPR NSU Nee hsecrs cies es (os se a | eer 


DL/DR ies sine ae Coes: eee [teonl eaeres oeteeees Beta 5 eee ener OR eee 


SS a me Gas ies es en toe Pel nr Pm (le ee 


Video 289,281 282 283284 [285] [286 | [287] [288] [283 | [290] [291] [292 | [293] cK [525 | 1 2 
FD Se ay Sat a ee at a ee ee 





ees, A [OT Jsampre | our [sampcet out [SamPce] out [Sampce] —S) [SAMPLE 
ample 
and B 
ieee Ee pang) 
Ciruits ! ; 
OD | [sampce] OUT [samme] our [Sampce] OvT Out VT oury J 





Second fieid 


eee nr A eetentanenereNeeN Rte eer re 


D3k+1 _ x x x eS ae X vyt KX vat X vyl Val vit X wt X WK wi X wi X  X_ 
O§e+2 OX KKK KEK Kw Ke 2 KX? XX we XW Xe? Kee XE 
3K v3 X v3 X “WX wi Xw3 XX 





D3k+3 






Ga-l 
Ga-2 


nn EP Nee ace es | ee 
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MODE18 


rd ae as 
t/e | ond 

ora ere 

er 


DOI re aa aa ae a ss ta ee ag ee 
OF SP) tt (i Das ft Ate (em Do en ee De gl 9 CG A (| fe Ven 0 Pe GO A 
FD ae em er ee ee ee 








ee sme] our [samt] Your J 

and B ARIA 

hold = {C AEH 

aaaed (° es a ow ou 
‘XN 


D3k+ 1 KX KOK VX wae Xv KV Xa XV X Vat XV? XV XT XX XT XX 


| o3k+2 XX KX 2 Xv Xa Xv? Xd Xa X RXV XX KX XT XX 


D3k+3 XX XX vd Xe KX vd X val X Vee Xv Kv XK HK VIX YX a Ke KK 


pe a a 
nae | ff 


Video 280,281 282 283 284 [ 285 | 286 | | 28? [290] [291] [292] [293] [\ | [525] 1 2 


DL/DR ae ae a cae ees Eee ey 
OE ai) leak Cate bck Pood LA ol eo als es eee Oe OO ee ee 
FD _ EN Bol eae Bt hs | 


A ae [s[sampce | Our [sampce] Our [SAMPLE SAMPLE | OUT | 
Sample B * Cait) 
and 
hold | C AEN 
eae (2 CT Tan e007 ory Wary 


te CD i GD GD GD GED 61D 7 67) 41D 6D ELD CD GAD ED Ai NE 
D312 KKK KET KT KE EEX XE 


Gabo Scene PERS IR (oe Sc ee eee re ene aD | CORON ene ee 
Oe a Sk sete A Se ener Pm |g Ure ea ny ee tee ( erat inee ere Pr eer 
Ga -240 i — pee a ge el ne 
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ere rr er nen NE Ng 


OZ 





MODE19 


Video 20, 21 
OR a a a a 
OE ose a ay Pe es le ela oe ed 
o_o oo 





A [_[saMee | OUT Jsanece [out [smareT OUT site |_OUT [sane] Jy our [J 
Sample j 
and B ARB 
hold = 1 C ARTY 
clruits 
D 


[SAWPLE | OUT [SAMPLE] OUT [SANPLET OUT [SmmPlE] OUT [SaPCET OUT | TSmarEy OUT 
D3k+ 1 XK XOX XK XX Wd XX aT XV KX EK VT KK a KEK 


Dak+2 XX XX Vee KX vat X vad X V2 X Vel XK ved X Va? KX Vat X va X va? XS) XK XI XOX 


D3k+3 XX XX Xx Wet XK YK Va? XK Vat X Vd XC Vx? XK vet XC Ve XX vat Xv XX 


Gac} a eee 
Ga-2 fo tl. 


Video 280 281 282 283 284 287| | 288 290 293} | \ 525 1 2 
DL/OR nee ee ONE eNE REET COMe LREREON Siete D Dormer: Uae! eaetee, Sneaen | | GPRe: OEE ees 
OE AAANANAAA TATA ee eee Gee 


FD 
A ——— | ——— aE OUT [SAMPLE, OUT [SAMPLE ——— as Four | 
Sample TGA 
and B 
ate AEH 
ul ; 
D Cs es SAMPLE our out | our 


Net GD GED GHD GD GD GED 7D GUID 47D GD 41D 17D 41D GAD ED OTD GD Ol 


Nee) GD GED GD GD GND GD 41D GID GD CED EID CD CD G\D ED CID GND G 


ee eer ene ners ORR | een nO ee Ton sn (DES ne eae 
Ga-2 a eee 


; #20 XX KK EX >= OT Xs XXX Xo? XOX XE 


CIN eh cea ee 
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MoDEZO 


o/s | cno | 
u/e | GND 
MSFL | Veo 
MSF2 | Veo 


] EY 5] ae eee eater een Niece Cereal] OREM Gree MERON SEEN RE! spect nena SOmRACN UEAUEN LF. \CRES| AeWUMt Eee mnere ome 

Sir ie ei i i 
ae SECTION 
7 [EE 


cur [ome] CUT [eam] ST oY 
KAHN 


RAE FH 


[Tsu GOT [Sauce] OUT [Sane | OUT SET OUT [SMB OUT] sare | OUT) 


ate oy 


Sample 
and 
hold 
crus 


oO} OW > 





D3k +1 KX KX at XX Vet KX Ve KX ved XK vad KX Vat X vd XX Viel XX Val X Vat XY) XK vel X Val Y x 
OIk+2 — XXX eX v2 KX v2 KX vad KX ve? KX Vad KX Va? Xv? KO? XK v2 KX WX ve XA XX 


D3k+3 XXX Xv KI KI XK Xv XI YX XS XS XX Xa Xs KX XK! 


Ga-1 Ca a se a edn 
Ga-240 _ aoe 


First field 

a 

' 

; 

1 

i 

t 

i 

: 

i 

' 

: 6 ¢ 

t 
| 


280 281 282 283 284 { 285 288 290] [291 293 525 1 2 


Migeo: Mera a kh ‘ema g 


DL/OR neers I eeeaes SeeereeeS | Scr CoMeKs Mee ect Coote Heemee 
umm mes iM ae es ee rt i ig ee De ee es (ce 





FD Sa Sree OR le Ae NS ee Ne ee ei ose ee ee me ee ee eee En | SE RE Oe aT te 
A SAMPLE SAMPLE Tekwpce_§\ [saurce [our | 
Sample KEM 
and B . 
hold | ¢ 8A 
Been he CTT Tero Saat same] Our T Wy oury ] 
ic _ 
; en GD GD GD GHD GD GD 41D GI1D G/B 1D Gi1D 6/15 GID GAS GID CLD GND 
O%K+2 ~X KK xX XK XKweX HW? X We XW? KX we XK we X we KX WX AEX WX XK 
DwR+3 kX XX XX  XWX HTX WIXI XW XK WIXI XS XC XE 
Ga-] SE AEE Ae oe een RENE SCL SRPe Tana? MOE Ie eae RTT mR eerie ((——__—---——- 
Ga-2 aoa teeter ee es My $$ 
GHP 20O) sess tee aa, Pia pee tne eiaic eaehedsicts - ~— 4 
(0) TA 
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NTSC System TV Signals and LCD 


A TV screen display, which is updated 30 times per 
second, is called a “frame” and is composed of 525 
scanning lines. One frame contains two fields; scan- 
ning lines 1 to 262.5 scan the display in the first field, 
and scanning lines 262.5 to 525 scan the display in the 
second field to fill the gaps which are left unscanned 
in the first field. This scanning mode is called an 
“interlace scan.” 


The time period in which one scanning line scans the 
display is called a “horizontal scanning period” and is 
about 63.5 ps. Within the horizontal scanning period, 
the time period that display operation is actually 
performed is called the “valid display”. The other 
period is called the “horizontal retrace period”. 


Thereare two modes for displaying a TV screen image 
onan LCD panel. In the first mode, each scanning line 
in the two fields is assigned to one line of the LCD 
panel; thus, each of the 240 lines of the panelare driven 
by the positive signal in the first field and by the 
negative signal in the second field. Here, 30-Hz alter- 
nating frequency is available, but the number of ver- 
tical pixels is limited to 240. 


(Singlc-rate sequential drive mode) 


In the second mode, every other line of the LCD panel 


can be driven by the first field and the remaining lines 
can be driven likewise by the second field. In this case, 
if one pixel of the LCD panel is considered, it is 
recognized that the pixel is driven by signals with 
opposite polarity every frame. This lowers the alter- 
nating frequency to 15 MHz, which is only half of the 
frame frequency. Driving LCD elements with signals 
of such low alternating frequency causes flickering 
and degrades display quality. To raise the oS 
frequency to 30 MHz, a methed can be 


IW DHA VO employed i lat 
which LCD elements are driven once every field in- 
stead of once every frame. 


Specifically, in the first field, the first and second lines 
of the LCD panel are driven respectively during the 
first half and second half of the complete horizontal 
scanning period. The same rule is repeated for the 
following lines. In the second field, on the other hand, 
the combination of two lines is different. The first line 
is driven during the second half of the horizontal 
scanning period, and then the second and third lines 
are driven respectively during the first and second 
half of the following horizontal scanning period. The 
same rule is repeated for the following lines. 


Employing this method enables the implementation 
of 480 vertical pixels. 


(Double-rate sequential drive mode) 
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SECTION 


262 


263 525 


2 


Scanning line No. Scanning line No. 
in the 1st field in the 2nd field 





Figure 18 Example of NTSC System TV Signals Scanning 










1st line D 286 


238th line 
239th line 


240th line 


A 287 
D 288 





A 523 
D 524 






A 525 






262 D 
Scanning line No. Scanning line No. 
in the 1st field in the 2nd field 


Figure 19 Middle-Resolution Display by Single-Rate Sequential Drive Mode 
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tst line 


4th tine 


239th line 


Scanning line No. ad 
in the Ist field Scanning line No. 
in the 2nd field 


Figure 20 High-Resolution Display by Double-Rate Sequential Drive Mode 
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Absolute Maximum Ratings 





Item Symbol Ratings Unit Remarks Note © 
Power supply for Voc —0.3 to +7.0 V 
logic unit 
Power supply for Ves Veco" 23toV..+0.3 V 
analog unit 
Input voltage for Vic —0.3 to V+ 0.3 V 3 
logic unit J tonne). 
Input voltage for Vig Veg~ 0-310 Vog+ 0.3 V 4 
analog unit 2 
Operating Topi -20 to +75 °C Assures logic 
temperature unit operation. 
—10 to +60 °C Assures analog 

unit operation. 
Storage Te 5 —20 to +85 °C 
temperature 
LCD level voltage Vion Vag? Voct 0.3 V 
Notes: 1. Value referred to Veg =QV. 

2. IfLS{sareused above absolute maximum ratings, they may be permanently destroyed. Using them 


within electrical characteristics limits is strongly recommended for normal operation. Use beyond 
these conditions will cause malfunction and poor reliability. 

3. Applies to pins HCK1, HCK2, HCK3, DL, DR, FD, RS, OE, SHL, D/S, L/F, MSF1, MSF2, TEST1, 
TEST2, Vbo, VbsH, and VbsB. 

4. Applies to pins Vx1, Vx2, Vx3, Vy1, Vy2, and Vy3. 


AS 
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Electrical Characteristics 


DC Characteristics (V 


= Vog = 5 V#10%, GND = 0 V, Voc ~ Vag = 16 to 20 V, Ta = ~20 to +75 °C) 





LCD 

Item Symbol Min Typ Max Unit Test Conditions Notes 

Input high-level voltage Vig 0.7 Voc Veco V 3 

input owelevel volage VV, GND 0.3V.. v 

Output high-level voltage Vy, Veg 7 0.4 V [oy = 0.3 mA 4 

Output iow-levei voltage Vo. 0.4 V low = 0.3 mA 

Input leakage current (1) iG ~10 +10 pA VIl=0OV, Voc 

Input leakage current (2) le -10 +10 pA Vi = Veg: Veo 

-Output current (1) lout ~—150 pA Veo ~ Veg = 20V Dk=V_-0.5 V OE = Voc 5 

—10 pA Apply V., to Vx and Vy. V4 =(Vig= Vinge OE = 
Output current (2) ly +150 pA GND Vo = Veg - 3 V DK =V, + 0.5 V OE = Voc 
+10 pA Vash = Yor ~3 V Vice = Veo °3 V 

DK =V._+0.5V OE = GND 

Current consumption ie 3.0 mA {,=25MHz,Vi=Voo-3V 0 8 8=©——COS™ 

lop 15 30 mA Vigy = VOC-3V, Vig = Veg SV 

OE = 33 kHz, FD = 30 Hz 
OE duty = 7/32 

Bias vohtage Vi. Veg 7 4.0 Voc V Vio = Mesh = VbsB. CL = 100 pF, T...,< 6.3 ps 

Dynamic range Voy Vogt 15 Voc — 3.5 V Voc 7 Vag = 20 V, T, = -10 to +60°C 5,7 
—~O.5V< Vor <+0.5V 

3 Vacs ee ee 

Offset voltage V off ) ~5 — 180 -5 + 180 mV Voo 7 Veg = 20V Vii =-11V 5,8 

qT. = —10 to + 60°C 
Von (H) +55 — 180 +55 + 180 mV fy. = 2-5 MHZ V =-1V 


V5 = VosH i. VbsB 
“ Voe -3V 
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Notes: 1. Applies to pins HCK1, HCK2, HCK3, DL, DR, FD, RS, OE, SHL, D/S, L/F, MSF1, MSF2, TEST1, 
TEST2, Vi oy Vict and Vip: 
2. Applies to pins Vx1, Vx2, Vx3, Vy1, Vy2, and Vy3. 
3. Applies to pins HCK1, HCK2, HCK3, DL, DR, FD, RS, OE, SHL, D/S, L/F, MSF1, MSF2, TEST1, 
and TEST2. 
Applies to pins DL and DR. 
Applies to pins D1 - D120. 
6. The shift register is constantly shifting one 1. 


Mode setting: L/F = V.., D/S = Voc, MSF1 = GND, MSF2 = Voc 


(The other input pins must be Voc or GND level.) 


7. The operations are the same as those when offset voltage is measured. 
8. Definition of “offset voltage” is shown figure 21. 
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AC Characteristics (V, ., = Veco =5 Vt 10%, GND = 0 V, V.c- Vp = 16 to 20 V, T, = -20 to +75°C) 


LCD 
Ratings 

ltem Symbol Min Max Unit Test Condition Notes 
Three-phase clock period tox 210 1000 ns 
Three-phase clock town 100 ns 
pulse width towL 
Interval between three-phase t,, 30 ns 1 
clock falling edge and rising t,, 
edge tis 
Interval between three-phase t, 20 ns 2 
clock rising edge and falling 
edge 
Clock rise and fall times tor 30 ns 
DL, DR input setup time toy 50 ns 
DL, DR input hold time ton 20 ns 
DL, DR output delay time bod 90 ns CL = 15 pF 
DL, DR output hold time bio 5 ns 
OE input period toyco 30 80 us 
OE input high-level pulse town 3 15 Ls 
width 
OE rise and fall times to 30 ns 

to 
FD input setup time tes 100 ns 
FD input hold time toy 100 ns 
Note: 1. Necessary for preventing the three-phase shift register from racing. 


) of the next horizontal driver. 


2. t,,must satisfy the DR and DL input hold time (t,,, , 


>t 


(tet tio? tue 
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Figure 22 Three-Phase Clock Timing 
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Figure 23 Input and Output Timing 
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Figure 24 OE, FD Input Timing, Driver Output Timing 
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Package Dimensions 


Unit: mm (inch) 


23.0 SR 23.0 SR 
85.18 0.1 = 
0.3P. X65 19.5 0.3P X65 19.5 
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& 




















a 
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(4.75P X 10 =47.5) 
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Section Three 


HD66840 
Video Interface © 
Controller (LVIC) 
Application Note 











Section Three 


HD0600840 
Video Interface [ae 
Controller (LVIC 
Application Note 
















PC-9801 is a trademark of NEC Corporation, Japan. IBM-PC, Color Graphics Adapter, 
Enhanced Graphics Adapter, and Video Graphics Adapter are trademarks of IBM 


America, Ltd. 





For additional information reference: 








Section 1. LCD Controller/Driver LSI Data Book 
Section 2. HD66300T Horizontal Driver for TFT-Type LCD Color TV 

Section 4. HD63645F/HD64645F LCD Timing Controller (LCTC) Application Note 
Section 5. HD63645/HD64645/HD64646 LCD Timing Controller (LCTC) User’s Manual 
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Preliminary HD66840 


Section 1 LVIC Overview 


1.1 Description 


The HD66840 LVIC (LCD Video Interface Controller) converts the standard RGB video 
signals for CRT display into LCD data. It enables a CRT display system to be replaced by an 
LCD system without any changes. It also enables software that was originally intended for 
CRT display to control an LCD. 


The LVIC features a high operating frequency of 30 MHz, corresponding to the CRT display 
dot clock (DOTCLK). It enables screen size programming and control of a large-panel LCD of 
up to 720 x 512 dots. 


Since the LVIC can control TFT-type LCDs in addition to the current TN-type LCDs, it can 


support monochrome, 8-level gray scale, and 8-color displays. 


SECTION 


1.2 Features 


¢ Conversion of RGB video signals for CRT display into LCD data: oo 3 


— Monochrome display data 





— 8-level gray scale data 
— 8-color display data 
¢ Selectable LVIC control method: 
— Pin programming method 
— Internal register programming method (using either an MPU or ROM) 
¢ Programmable screen size: 
— 640 or 720 dots (80 or 90 characters) in width and 200, 350, 400, 480, 512, or 540 dots 
(lines) in height, using the pin programming method 
— 32 to 4048 dots (4 to 506 characters) in width and 4 to 1024 dots (lines), using the internal 
register programming method 
* Double-height display capability 
¢ Generation of a display timing signal (DISPTMG) from the horizontal synchronization 
(HS YNC) and the vertical synchronization (VSYNC) signals 
¢ Internal PLL circuit capable of generating the CRT display dot clock (DOTCLK) (external 
charge pump, low-pass filter (LPF), and voltage-controlled oscillator (VCO) required) 
¢ Both TN-type LCDs and TFT-type LCDs controllable 
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¢ Maximum operating frequency: 30 MHz (DOTCLK) 

¢ LCD driver interface: 4-, 8-, or 12-bit (4 bits for each of R, G, and B) parallel data transfer 
¢ Recommended LCD drivers: HD61104, HD61105, HD66106, and HD66107T 

¢ Direct interface with buffer memory (no external decoder required) 

¢ CMOS 1.3 um process 


e Single nower cunniv: +5 V +5&% 
becdieatatat a laatiead ry vwa weer rs . ° o- . —-e ~~ 


¢ 100-pin quad flat package (FP-100A) 


1.3 System Configuration 
Figure 1-1 shows a basic system configuration using the LVIC. 


The LVIC converts RGB serial data sent from a personal computer into parallel data and 
temporarily writes it to the buffer memory. It reads out the data in sequence and outputs it to 
LCD drivers to drive an LCD. In this case, a CRT display dot clock (DOTCLK), which is the 
latch clock for serial data, is generated by a PLL circuit from the horizontal synchronization 
signal (HSYNC). The DOTCLK signal frequency is specified by PLL frequency-division 
register (R10 and R11). A display timing signal (DISPTMG) is generated internally from the 
HSYNC and VSYNC (vertical synchronization) signals. The information required for generat- 
ing the DISPTMG signal is given by horizontal back porch register (R14 and R15) and vertical 
back porch register (R12 and R13). The MPU is used for writing this data into the LVIC’s 


internal registers. 


A system may be configured without a VCO and an LPF if the DOTCLK signal is supplied 
externally, and a system may be configured without an MPU if the LVIC is controlled by the 


pin programming method. 
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Figure 1-1 Basic System Configuration (Using MPU Programming Method ) 
and Generated DOTCLK and DISPTMG Signals) | 
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1.4 LVIC Configuration 


Figure 1-2 is the internal block diagram of the LVIC. The functions of each block are de- 
scribed below. 


1.4.1 Dot Clock Generator (Programmable Counter and Phase Comparator) 

The dot clock generator generates a CRT display dot clock (DOTCLK) in conjunction with an 
external charge pump, a low-pass filter (LPF), and a voltage-controlled oscillator (VCO) when 
the DOTCLK signal is not supplied externally. 

1.4.2 Display Timing Signal Generator 

The display timing signal generator generates a display timing signal (DISPTMG). The 
DISPTMG signal indicates which RGB data is valid of all the video data sent from a video 
controller. This generator adjusts the phase shift between the DISPTMG signal and the valid 
RGB data when the DISPTMG signal is not supplied externally. 

1.4.3 CRT Display (Video Signal) and Buffer Memory Interface Unit 

This unit converts serial RGB data into parallel data and writes it to buffer memory. 


1.4.4 Timing Clock Generator 


The timing clock generator generates various clock signals which control the LVIC’s internal 


operations. 
1.4.5 Write Address Counter 


The write address counter generates memory addresses which enable the LVIC to write data 


sent from a video controller to buffer memory. 
1.4.6 Read Address Counter 


The read address counter generates memory addresses which enable the LVIC to read data to 


be sent to LCD drivers from buffer memory. 
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1.4.7 Address Multiplexer 


The address multiplexer controls the output of the read address counter and the write address 
counter. The multiplexer allows the read address counter to output an address in a read cycle, 


and the write address counter to output an address in a write cycle. 
1.4.8 MCS and MWE Signal Generator 


The MCS and MWE signal generator generates a buffer memory chip select signal (MCS) and 
a buffer memory write enable signal (MWE). 


1.4.9 Synchronizer (Data Latch Circuit) 


The CRT display (video signal) interface unit of the LVIC writes data to or reads data from 
buffer memory synchronized by the CRT display dot clock (DOTCLK), while the LCD inter- 
face unit (refer to section 1.4.11) operates synchronized by the LCD dot clock (LDOTCK). 
Since these two clocks operate asynchronously, the synchronizer synchronizes the data transfer 


SECTION 


timing of the two interface units. 


1.4.10 Gray Scale Display Data Generator 3 





The gray scale display data generator converts RGB signals into 8-level gray scale display 


data. 
1.4.11 LCD Interface Unit 


The LCD interface unit transfers LCD data to LCD drivers in parallel in 4-, 8-, or 12-bit units, 
depending on the display mode. 


1.4.12 LCD Timing Signal Generator 


The LCD timing signal generator generates LCD control timing clocks CLI, CL2, CL3, CL4, 
FLM, and M. 
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1.4.13 MPU/ROM Interface Unit and Display Mode Decoder 


MPU Interface Unit: Receives control signals from an MPU, and transfers internal register 
data to and from the MPU. 


its Outouts addresses to ROM and receives data to be written into internal 


registers from the ROM. 


Display Mode Decoder: Selects one out of 16 display modes, depending on the input through 
the DM3—DM60 pins. 
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1.5 Pin Description 
The LVIC pins are divided into power supply pins, video signal interface pins, LCD interface 
pins, buffer memory interface pins, mode setting pins, MPU interface pins, ROM interface 


pins, and PLL interface pins. 


Figure 1-3 shows the LVIC pin arrangement and table 1-1 provides a complete listing of the 


pins. 


100] |} RS/ADJ 
sof] WR/MS1 
98|_}CS/MSO 
95{_} DISPTMG 
94{ | DOTCLK 


RB/AO/XDOT [_}1 
A1/YLOL_j2 79 ]}PMOD1 
A2/YL1{ {3 78 |PMODO 
A3/YL2{_ 44 ; 771_ | LDOTCK 


69}_}RO/LUO 
ee] JRI/LU1 
67|_ ]R2/LU2 
66|_JR3/LU3 


e4|_]GO/LOO 
63! ]G1/LD1 
62{_ ]G2/LD2 
61|_}G3/LD3 





Figure 1-3 Pin Arrangement 


© HITACHI 
Hitachi America Ltd. © Hitachi Plaza « 2000 Sierra Point Pkwy. Brisbane, CA 94005-1819 © (415) 589-8300 


Preliminary HD66840 


Table 1-1 Pins 


Classification Symbol Pin Number Pin Name V/O 
Power Supply Vccl, Vcc2, Vcc3 96, 30, 76 Vecl, Vec2, Vcc3 — 
GND1, GND2, GND3, 88, 9, 23, Ground1, ground?2, ground3, 

GND4, GNDS5, GND6_ = 37, 50, 65 ground4, ground5, ground6 — 








Video Signal R, G, B 91, 92, 93 Red, green, blue serial data I 
Interface HSYNC 89 Horizontal synchronization I 
VSYNC 90 Vertical synchronization I 
DISPTMG 95 Display timing I 
DOTCLK 94 Dot clock I 
LCD Interface RO—-R3 69-66 LCD red data 0-3 O 
LUO-LU3, 0 69-66 LCDupperpaneldata0-3 sO 
G0-G3 64-61 LCD green data0-3 O 
LDO-LD3 64-61 LCD lower panel data 0-3 7 O . 
BO-B3 60-57 LCD blue data 0-3 O 
CL1 72 LCD data latch clock O 
CL2 73 LCD data shift clock O 
CL3 14 Y-driver shift clock 1 O SECTION 
CL4 75 Y-driver shift clock 2 O 
FLM 71 First line marker O 3 
M | 70 LCD driving signal alternation O 
LDOTCK 71 LCD dot clock O 
Buffer Memory MCSO, MCS1 27, 28 Memory chip select 0, 1 O 
Interface MWE 29 Memory write enable O 
MAO-MAI15 10-22, 24-26 Memory address 0-15 O 
RDO-RD7 31-36, 38, 39 Memory red data 0-7 1/O 
GD0-GD7 40-47 Memory green data 0-7 1/O 
BDO-BD7 48, 49, 51-56 Memory blue data 0-7 1/O 
Mode Setting PMODO, PMOD1 78, 79 Program mode 0, 1 I 
DOTE 80 Dot clock edge change I 
SPS - 81 Synchronization polarity select I 
DM0-DM3 82-85 Display mode 0-3 I 
MSO, MS1 98, 99 Wore) Memory select 0, 1 I 
XDOT 1h) X-dot I 
YLO—-YL2 2—4 Nor) Y-line 0-2 I 
ADJ 100 Se) Adjust I 
FO-F3 5—8 Now) Fine adjust 0-3 I 
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Table 1-1 Pins (cont.) 


Classification Symbol Pin Number Pin Name VO 
MPU Interface CS 98 Noe) Chip select I 
WR QQ Note) Write I 
RD ] Note) Read I 
RS 100 8») Register select I 

D0—-D3 5—8 Nov) Data 0-3 1/O 
RES 97 Reset I 
ROM Interface AQ—-A3 1—4 Nor) Address 0-3 O 
DO—D3 5—8 Now) Data 0-3 I 
PLL Interface CD 86 Charge down O 
CU | 87 Charge up O 


Note: Common pins shared by more than one signal (refer to table 1-2). 
Table 1-2 Common Pins and Signal Names 


Signal Name by Classification 


- Pin No. MPU Interface ROM Interface Mode Setting Handling When not in Use 


1 RD AO XDOT a 
2-4 Not used Al-A3 YLO-YL2 Fix high or low 
5-8 D0O—D3 DO-D3 FO-F3 — 
98 CS Not used MSO Fix high or low 
99 WR Not used MS1 Fix high or low 
100 RS Not used ADJ Fix high or low 


1.5.1 Power Supply Pins 


Vccl-Vcc3 (Pins 96, 30, and 76): These pins are power supply pins and must all be con- 
nected to +5 V. When attaching an external PLL circuit, connect a thick cable to the Vcc3 pin 
and isolate it from Vcc1 and Vcc2. 


GND1-GND6 (Pins 88, 9, 23, 37, 50, and 65): These pins are ground pins and must all be 
grounded. When attaching an external PLL circuit, connect a thick cable to the GND6 pin and 


isolate it from GND1—GNDS. 
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1.5.2 Video Signal Interface Pins 


R, G, B (Input, Pins 91, 92, and 93): Input RGB CRT display signals. When CRT display 
data is monochrome, input the data to the R pin and fix the G and B pins low. 


HSYNC (Input, Pin 89): Inputs the CRT horizontal synchronization signal. 

VSYNC (Input, Pin 90): Inputs the CRT vertical synchronization signal. 

DISPTMG (Input, Pin 95): Inputs the display timing signal which indicates horizontal or 
vertical display period. When the display timing signal is internally generated, fix this pin 
either high or low. 


DOTCLK (Input, Pin 94): Inputs the CRT display dot clock. 


1.5.3 LCD Interface Pins 


SECTION 


RO-R3/LU0—LU3 (Output, Pins 69-66), GO-G3/LD0—LD3 (Output, Pins 64-61), BO-B3 
(Output, Pins 60-57): These pins all output LCD data. Connect them to the display data 3 
input pins of X-drivers (column drivers). The specific type of data output by these pins de- 





pends on the display color, screen configuration, and size of data transfer (table 1-3). 


Table 1-3 LCD Data Output 


Monochrome or 8-Level Gray Scale Display 8-Color Display 
Single Screen Dual Screen Single Screen 
Pins 4-Bit Transfer 8-Bit Transfer 4-Bit Transfer 12-Bit Transfer 
LUO-LU3/ Data output Data output Upper panel R data output 
RO-R3 data output 
LDO-LD3/ Open Data output Lower panel G data output 
G0-G3 data output 
BO-B3 Open Open Open B data output 
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CL1 (Output, Pin 72): Outputs the CL1 signal which acts as a clock for X- and Y-drivers. 
The LVIC sends display data for one line within one CL1 signal period. The functions of the 


CL1 signal in different display modes are as follows: 


In display modes 1, 2, 4, and 6-8 with normal display (TN-type LCD), the CL1 signal 
provides X-drivers with the timing to latch and output display data. Connect this pin to the 
data latch clock input pins of the X-drivers. 


It also provides Y-drivers with the timing to shift the line scan signal. Connect it to the line 


shift clock input pins of the Y-drivers. 


In display modes 1, 2, 4, and 6—8 with double-height display (TN-type LCD), the CL1 signal 
provides X-drivers with the timing to latch and output display data. Connect this pin to the 
data latch clock input pins of the X-drivers. 


In display modes 3, 5, and 9-16 (TFT-type LCD), the CL1 signal provides the X-drivers 
with the timing to latch and output display data. Connect this pin to the data latch clock 
input pins of the X-drivers. 


CL2 (Output, Pin 73): Outputs the CL2 signal which is a clock for the X-drivers. The LVIC 
sends display data in synchronism with the CL2 signal. Connect this pin to the data shift clock 


input pins of the X-drivers. 


CL3 (Output, Pin 74): Outputs the CL3 signal which is a clock for the X- and Y-drivers. The 
functions of the CL3 signal in different display modes are as follows: 


In display modes 1, 2, 4, and 6-8 with double-height display (TN-type LCD), and in display 


modes 9 and 11 (TFT-type LCD with vertical stripes, Y-drivers on one side), the CL3 signal 
provides the Y-drivers with the timing to shift the line scan signal. Connect this pin to the 


line shift clock input pins of the Y-drivers. 


In display modes 13 and 15 (TFT-type LCD with horizontal stripes, Y-drivers on one side), 
the CL3 signal provides the X-drivers with the timing to select and output RGB data in - 
sequence. Connect this pin to the color data select clock input pins of the X-drivers. _ 


This pin also provides the Y-drivers with the timing to shift the line scan signal. Connect it 
to the line shift clock input pins of the Y-drivers. 
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¢ In display modes 14 and 16 (TFT-type LCD with horizontal stripes, Y-drivers on both 
sides), the CL3 signal provides the X-drivers with the timing to select and output RGB data 
in sequence. Connect this pin to the color data select clock input pins of the X-drivers. 


Leave the CL3 pin open in all other display modes. 


CL4 (Output, Pin 75): Outputs the CL4 signal which is a clock providing the Y-drivers with 
the timing to shift the line scan signal. Connect this pin to the line shift clock input pins of the 
Y-drivers; leave it open in display modes 1, 2, 4, 6-9, 11 13, and 15, that is, in the display 
modes that are not for a TFT-type LCD with Y-drivers on both sides. 


FLM (Output, Pin 71): Outputs the FLM signal which is a clock indicating the start of a 


frame. Connect this pin to the line scan data input pins of the Y-drivers. 


M (Output, Pin 70): Outputs the M signal which converts LCD driving signals to AC. LCD 
driving signals must be converted to AC since the liquid-crystal molecular configuration 


quickly degrades if DC is applied. Connect this pin to the X- and Y-driver alternating signal [¥Sj=tougo)\ 
input pins for LCD driving. ene , 


LDOTCK (Input, Pin 77): Inputs the LCD dot clock. The LCD interface unit of the LVIC 
operates in synchronism with the LCD dot clock. 





1.5.4 Buffer memory Interface Pins 


MCS0 and MCS1 (Output, Pins 27 and 28): Output the buffer memory chip select signal. 
The LVIC writes data to or reads data from buffer memory when the MCSO or MCS1 signal is 


low. Leave these pins open if the chip select signal is not necessary. 


MWE (Output, Pin 19): Outputs the buffer memory write enable signal. The LVIC writes 
data to buffer memory when the MWE signal is low. Leave this pin open when buffer memory 


is not being used, that is, in through mode. 


MAO—-MAIS5 (Output, Pins 10-22 and 24-26): Output buffer memory addresses. Up to 
64 kwords (0-65535) of addresses can be specified with these signals. Leave these pins open 
when buffer memory is not being used, that is, in through mode. 
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The MA13—MA 15 pins output buffer memory chip select signals according to the type of 
memory used (table 1-4). Leave them open if chip select signals are not necessary. | 


Table 1-4 Memory Type and Buffer Memory Chip Select Signal Output Pins 


Memory Type Chip Select Signal Output Pins 

No Memory (Through Mode) —— | 

8-kbyte MCSO, MCS1, MA15, MA14, MA13 
32-kbyte MCSO, MCS1, MA15 

64-kbyte MCSO, MCS1 


RDO—RD7 (Input/Output, Pins 31-36, 38, and 39), GD0O—GD7 (Input/Output, Pins 40-47), 
BDO-BD7 (Input/Output, Pins 48, 49, and 51-56): Transfer data between the LVIC and R-, 
G-, and B-plane memories in the 8-level gray scale display modes and the 8-color display 

modes. Leave these pins open when buffer memory is not being used, that is, in through mode. 


The LVIC writes an OR of the RGB signals into R-plane memory in monochrome display 
modes. Therefore, it is not necessary to provide memories for the G- and B- planes; pull up the 
GD0-GD7 and BDO—BD7 pins with about 20kQ resistors. If memories are connected to the 
G- and B-planes in monochrome display modes, the LVIC will write G and B signals to those 


memories. However, this has no effect on the R-plane memory contents or display. 
1.5.5 Mode Setting Pins 


PMOD0, PMODI (Input, Pins 78 and 79): Signals input through these pins select the LVIC 


control method (programming method) (table 1-5). 


Table 1-5 Programming Method Selection 


PMODI1 PMODO Programming Method 

0 0 Pin programming 

0 1 Internal register With MPU 
] 0 - programming With ROM 
1 1 Inhibited “*° 


Note: This combination is for test mode only: it disables display. 
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DOTE (Input, Pin 80): Inputs a signal that selects at which edge of the DOTCLK signal the 
LVIC latches the RGB signals. The LVIC latches the RGB signals at the falling edge of the 
display timing signal (DOTCLK) when this pin is high, or at the rising edge when it is low. 


SPS (input, Pin 81): Inputs a signal that selects the polarity of the CRT vertical synchroniza- 
tion signal (VSYNC). Set this pin htgh when the VSYNC signal is active-high, or low when 
the signal is active-low. 


DM0-DM3 (Input, Pins 82-85): Input signals that select the display mode. These signals 
determine display color, LCD screen configuration, data transfer size, and LCD driver configu- 
ration. For more details of display modes, refer to section 6, Display Mode Settings and 


Contents. 


MS0 and MSI1 (Input, Pins 98 and 99): Input signals that select the type of memory used 
(table 1-6). 


The MSO and MS1 pins are also used by the CS and WR signals, respectively. Both the CS 
and WR signals are MPU interface signals. Fix them either high or low when controlling the 


LVIC by the ROM programming method. 


Table 1-6 Buffer Memory Selection 


MS1 MS0 Memory Type 

0 0 No memory (through mode) 
0 1 8-kbyte 

1 0 32-kbyte 

1 1 64-kbyte 


XDOT (Input, Pin 1): Inputs a signal that specifies the number of horizontal displayed 
characters. Set this pin high when the number of characters is 90 (720 dots), or low when it is 
80 (640 dots). 


This pin is shared with the RD and AO signals. The RD signal is an MPU interface signal and 
the AO signal is a ROM interface signal. 


YLO-YL2 (Input, Pins 2-4): Input signals that specify the number of vertical displayed lines 


(that is, the number of lines counted in the vertical direction) (table 1-7). 
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The YLO—-YL2 pins are shared with the Al—A3 signals, respectively. 


Table 1-7 Setting of Number of Vertical Displayed Lines 


YL2 YLI YLO Number of Vertical Displayed Lines 
0 0 0 200 

0 0 1 350 

0 1 0 400 

0 ] ] 480 

1 0 0 512 

1 0 1 540 

1 1 0 Inhibited 

1 S| 1 Inhibited “ 


Note: 1024 lines are displayed, but they are practically invisible. 


ADJ (Input, Pin 100): Inputs a signal that determines whether the FO—-F3 signals adjust the 
number of vertical displayed lines or whether the display timing signal (DISPTMG) which is 
supplied externally. The FO-F3 signals adjust the DISPTMG signal when the ADJ pin is high, 


or adjust the number of vertical displayed lines when it is low. 


The ADJ pin is also used by the RS signal (MPU interface signal). Fix this pin either high or 
low when controlling the LVIC by the ROM programming method. 


F0-F3 (Input, Pins 5-8): Input signals that adjust the display timing signal (DISPTMG) 
which is supplied externally when the ADJ signal is high, or the number of vertical displayed 


lines when it is low. 


For details of the adjustment of the DISPTMG signal, refer to section 3.4, Display Timing 
Signal Fine Adjustment. 


‘When the FO-F3 signals adjust the number of vertical displayed lines, they add up to 15 lines 
to the number of vertical displayed lines specified by the YL2—YLO signals, as shown in table 
1-8. For example, a setting of ADJ = 0 and F3, F2, F1, FO = 1, 0, 1, O adds 10 lines to the 
number of vertical displayed lines originally specified by the YL2—YLO pins. 


The FO-F3 pins are also used by the DO—D3 signals (MPU and ROM interface signals), respec- 
tively. 


16 @ HITACHI 
Hitachi America Ltd. ¢ Hitachi Plaza « 2000 Sierra Point Pkwy. © Brisbane, CA 94005-1819 © (415) 589-8300 


Preliminary HD66840 


Table 1-8 Fine Adjustment of Number of Vertical Displayed Lines 


F3 F2 Fl FO Number of Lines Adjusted 
0 0 0 0 +0 

0 0 0 +] 

0 0 1 0 +2 

1 ] 0 ] +13 

] ] ] 0 +14 

1 1 l 1 +15 


1.5.6 MPU Interface Pins 


CS (Input, Pin 98): Inputs a chip select signal from the MPU. The MPU selects the LVIC 
and can read data from and write data to the LVIC’s internal registers when the CS signal is 


low. 


The CS pin is also used by the MSO signal (mode setting signal). Fix this pin either high or 
low when controlling the LVIC by the ROM programming method. 


WR (Input, Pin 99): Inputs a write signal from the MPU. The MPU can write data into the 
LVIC’s internal registers when the WR signal is low. The WR signal and the RD signal must 


not be set low at the same time. 


The WR pin is also used by the MS1 signal (mode setting signal). Fix this pin either high or 
low when controlling the LVIC by the ROM programming method. 


RD (Input, Pin 1): Inputs a read signal from the MPU. The MPU can read data from the 
LVIC internal registers when the RD signal is low. The RD signal and the WR signal must not 


be set low at the same time. 


The RD pin is also used by the AO signal (ROM interface signal) and the XDOT signal (mode 
setting signal). 
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RS (Input, Pin 100): Inputs a register select signal from the MPU. The MPU selects the 
LVIC’s data registers (RO-R15) when the RS signal is high, or selects the LVIC’s address 
register (AR) when it is low. 

The RS pin is also used by the ADJ signal (mode setting signal). Fix this pin either high or low 
when controlling the LVIC by the ROM programming method. 


D0—D3 (Input/Output, Pins 5-8): Transfer internal register data between the LVIC and the 
MPU. : | 


The D0Q—D3 pins are also used by the DO—D3 signals (ROM interface signals) and the FO—-F3 


signals (mode setting signals). 


RES (Input, Pin 97): Inputs a signal that resets the LVIC externally. For more details of 
LVIC reset state, refer to appendix B. 


Note that a reset signal must be input after power-on. 

1.5.7 ROM Interface Pins 

A0—A3 (Output, Pins 1-4): Output external ROM addresses. 

The AO pin is also used by the RD signal (MPU interface signal) and the XDOT signal (mode 
setting signal). The Al—A3 pins are also used by the YLO—YL2 signals. Fix the Al—A3 pins 
either high or low when controlling the LVIC by the MPU programming method. 


D0-D3 (Input, Pins 5-8): Input LVIC internal register data from an external ROM chip. 


The DO-D3 pins are also used by the DO—D3 signals (MPU interface signals) and the FO-F3 


signals (mode setting signals). 
1.5.8 PLL Interface Pins 


CD and CU (Output, Pins 86 and 87): The CD pin outputs a charge-down signal to an external 
charge pump and the CU pin outputs a charge-up signal when the CRT dot clock (DOTCLK) is 
generated by a PLL circuit. Leave these pins open when the DOTCLK signal is supplied 


externally. 
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1.6 Internal Registers 
1.6.1 Registers 


The LVIC has one address register and 16 data registers. Table 1-9 lists the LVIC’s internal 


registers and figure 1-4 shows the bit assignment for each of these registers. 


Table 1-9 Registers 








— Reg. Address’ Reg. Program Specified Read/ 
CS RS 3 2 1 O No. Register Name Unit Value Symbol Write’ 
1 —_— os» — «—— —— ~— — Invalid — — — 
0 0 — — — — AR Address register? — — WwW 
0 1 O 0 0 O RO Conrolregister! $25 — — R/W 
0 1 O 0 0 1 RI. Control register 2 — — R/W 
0 1 0 0 1 O R2 _ Vertical displayed lines register Lines Nvd R/W 
(middle-order)? . 
0 1 0 0 1 1 R3  Veniical displayed ines register Lines Nvd RW [ioV/lneahl 
(low-order)? 
0 1. 0 1 0 O RA Vertical displayed lines register Lines/ Nvd/ R/W . 3 
(high-order)?/ Chars.‘ Npc 
CL3 period register 
(high-order)* | 
0 1 0 1 O 1 RS CL3 period register Chars.‘ Npc R/W 


(low-order)? 

0 1 0 1 #1 #O R6 _— Horizontal displayed Chars.4 Nhd R/W 
characters register (high-order) 

0 1 0 1 1 #1 R7__ Horizontal displayed Chars.‘ Nhd R/W 
characters register 


(low-order) 





0 1 1 0 0 O R8&  CL3 pulse width register Chars.‘ Npw R/W —_ 
1 1 0 0 1 R9~ Fineadjustregister © | Dots | Nda R/W 
1 1 0O 1 O- R10. PLL frequency-division — NPpLi R/W 
register (high-order) 
0 1 1 O 1 1 R11 PLL frequency-division — NPLL R/W 


register (low-order) 
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Table 1-9 Registers (cont.) 


ae Reg. Address _ Reg. Program Specified Read/ 

CS RS 3 2 1 O No. Register Name Unit Value Symbol Write! 

0 1 1 21 OQ O- R12. Vertical back porch register Lines Necvbp R/W 
(high-order)? 

0 1 1 1 © 1 + R13. Vertical back porch register Lines Necvbp R/W 


(low-order)? 


0 1 1 1 1  O- R14 Horizontal back porch register Dots Nchbp R/W 
(high-order)* 
0 1 1 1 1 1 ~ R15 Horizontal back porch register Dots Nchbp R/W 


(low-order)* 
Notes: 
1. W indicates the register can only be written to, and R/W indicates the register can both be written to and read. 
2. If an attempt is made to read data from this register with RS = 0, the bus is driven to high-impedance state and 
the output data is undefined. 
3. Write (specified value —1) into these registers. 
4. A character is considered to be composed of eight horizontal dots. 


{Data Bit 


ae ie ae 
LLL 
a a EE 


RegeAddres 


2 


Y 


S 


Address register 


| 0 [DSP]DCK) une register : 
(DON| MS1 | MSO. ontrol register 
< nA Lucy Vertical displayed lines register 
ae ee 


° w 
nN 
_ 
lo 


oO 
Oo fOjo 
—~1O1o 
=aloja 


5 


CL3 period register 

Horizontal displayed characters 
register 

CL3 pulse width register 

Fine adjust register 

PLL frequency-division 
Register 

Vertical back porch register 


1 Dj 2D 1D 1 > 2wv 
Na [> [6H JF JO 1 1 15 [5D oO ® 


| ololo 
a 
°o 
= 


=j0 j= |o |= |o |= 


2 ff 
GO JN | 


t 


Horizontal back porch register 


DD 
anh 
b 


| 0 
EO 
0 | 
0 | 
Lo. | 
Ree 
0 | 
0 | 
0 | 
Oe 
0 | 
0. 
Lo 
ee 
ior 
| 0 | 
| 0 


eek, Jak as wl, few fenk we) 
w 


as 
oh 
© 


awh fat fad 1 1O 10 IO [— [= 
ak fat 1) 1O J ft IO IO J js 
we) 
_ 
() 


1 R15 


Notes: 
1. indicates invalid bits. Any attempt to read data from these register bits will return undefined data. 
2. Data bits 3 and 2 of control register 1 are reserved bits. Write 0 to them. 





Figure 1-4 Register Bit Assignment 
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1.6.2 Validation and Invalidation of Internal Registers 


The internal registers are all invalid when the LVIC is controlled by the pin programming 
method. They are valid only when the LVIC is controlled by the internal register programming 
method. However, some registers or bits are invalid even when the LVIC is controlled by the 
internal register programming method, as described below. Any value can be set in invalid 


registers (bits). 


DSP Bit of Control Register 1 (RO): Invalid when the DCK bit of that register is 1. In this 
case the LVIC generates the display timing signal (DISPTMG) even when the DSP bit is 0. 


CL3 Period Register (R5 and Low-Order 2 Bits of R4): Invalid in the monochrome display 
modes, 8-level gray scale display modes, and 8-color display modes with vertical stripes. 
Valid only in the 8-color display modes with horizontal stripes, that is, only in display modes 
13-16. 


MSB of Horizontal Displayed Characters Register (R6): Invalid in the dual screen modes, 
that is, in display modes 1 and 6. 


Fine Adjust Register (R9): Invalid when the display timing signal (DISPTMG) is generated 
internally, that is, when either the DCK bit or the DSP bit of control register 1 (RO) is 1. 


PLL Frequency-Division Register (R10 and R11): Invalid when the CRT display dot clock 
(DOTCLK) is supplied externally, that is, when the DCK bit of control register 1 (RO) is 0. 


Vertical and Horizontal Back Porch Registers (RI2—R15): Invalid when the display timing 
signal (DISPTMG) is supplied externally, that is, when both the DCK and the DSP bits are 0. 


Set any value less than the CL3 signal period in the CL3 pulse width register (R8) since that 
register is not invalid in the TN-type LCD modes. 
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1.6.3 Register Functions 


Address Register (AR): Used to select one of the 16 data registers, as shown in figure 1-5. 
The address register itself is selected when the RS signal is low. In order to select a certain 
data register, that register address must be written into the address register using the MPU. 


Register address 





Figure 1-5 Address Register 


Control Register 1 (RO): Specifies whether the display timing signal (DISPTMG) and the 
CRT display dot clock (DOTCLK) are supplied externally or generated internally (figure 1-6). 


Data bits 3 and 2 are reserved bits: write 0 to them. 


¢ DSP bit: 
~ DSP =1: The DISPTMG signal is generated internally. 
— DSP =0: The DISPTMG signal is supplied externally. (However, if DCK = 1, the 
DISPTMG signal is generated internally, regardless of the value in the DSP bit.) 
¢ DCK bit: 
—~ DCK =1: The DOTCLK signal is generated internally. 
~ DCK =0: The DOTCLK signal is supplied externally. 





paast | 3 | 2 [1 | o | 


0 0 
(Reserved) 


Function 


Figure 1-6 Control Register 1 
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Control Register 2 (R1): Specifies M signal output, which determines LCD driving signal 
alternation type, as well as LCD on/off and buffer memory type (figure 1-7). 


¢ MC bit: Specifies M signal output. 
— MC=1: The M signal alternates every line. 
— MC=0: The M signal alternates every frame. 
For details, refer to section 3.5, LCD Driving Signal Alternation. 
¢ DON bit: Specifies whether the LCD is on or off. 
— DON =1: LCD on. 
— DON =1: LCD off. 


For details, refer to section 3.7, Display On/Off Control. 


¢ MS1, MSO bits: Specify buffer memory type. 


—~ MS1, MSO = 0, 0: No memory (through mode) Sj (on se) \\ 
— MS1, MSO =0, 1: 8-kbyte memory 
— MS1, MSO = 1, 0: 32-kbyte memory 3 


— MS1, MSO = 1, 1: 64-kbyte memory 





For details, refer to section 3.6, Buffer Memory Selection. 





Figure 1-7 Control Register 2 
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Vertical Displayed Lines Register (R2, R3, and High-Order 2 Bits of R4): Specifies the 

number of lines displayed from screen top to bottom (figure 1-8). Note that this register does 
not specify a multiplexing duty ratio. This means that the specified value does not depend on 
screen configuration. This register can contain either an odd or an even number in the single 
screen modes with Y-drivers on one side, that is, in display modes 2, 4, 7-9, but can contain 


only an even number in other modes. For details, refer to section 3.1, Screen Size Setting. 


(Unit: Lines) 


Nvd: Number of vertical displayed lines 





Figure 1-8 Vertical Displayed Lines Register 


CL3 Period Register (R5 and Low-Order 2 Bits of R4): Specifies the CL3 signal period in 
the 8-color display modes with horizontal stripes (display modes 13—16) (figure 1-9). There- 
fore, this register is invalid in other modes (its parameters are ignored). 


Specifying the CL3 signal period automatically specifies the CL4 signal period. The CL4 
signal period is always twice that of CL3 signal since the CL4 signal changes at the rising edge 
of the CL3 signal. For details, refer to section 7.2, CL3 and CL4 Signal Output and Register 
Setting. 


Voawer {+[o[ ste] [oe 


Npc — 1 (Unit: Characters) 


CL3 signal period = (Nhd + 6) x 1/3 


Number of horizontal displayed characters 


(number of horizontal displayed dots x 1/8) 
When (Nhd + 6) is not divisible by 3, the quotient is rounded off. 





Figure 1-9 CL3 Period Register 
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Horizontal Displayed Characters Register (R6 and R7): Specifies the number of characters 
displayed on one line (figure 1-10). This register can contain an even number only. In the dual 


screen modes (display modes 1 and 6), the most significant bit of this register is invalid and set 


parameters are ignored. For details, refer to section 3.1, Screen Size Setting. 


(Unit: Characters) 


Nhd: Number of horizontal displayed characters 


(number of horizontal displayed dots x 1/8) 





Figure 1-10 Horizontal Displayed Characters Register 


CL3 Pulse Width Register (R8): Specifies the high-level pulse width of the CL3 signal 

(figure 1-11). To control a TFT-type LCD, a data hold time is necessary and it is controlled by | 
the high-level pulse width of the CL3 signal. For details of data hold time, refer to section | 3 
7.1.2, High-Level Pulse Width of CL3 Signal. : 


SECTION 





The CL3 signal is output with the high-level pulse width specified by this register even when it 
is not controlling a TFT-type LCD. 


For details of determining the high-level pulse width of the CL3 signal, refer to section 7.2.2, 


Parameter Setting in Internal Register Programming Method. 


a: 
Value 7 (Unit: Characters) 


In the TN-type LCD modes: Npw 
Inthe TFT-type LCD modes: Npw —5 


Npw: High-level pulse width of the CL3 signal 
(number of dots while the CL3 signal is high x 1/8) 





Figure 1-11 CL3 Pulse Width Register 
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Fine Adjust Register (R9): Adjusts the externally supplied display timing signal (DISPTMG) 
to synchronize its phase with that of LCD data (figure 1-12). The value to be written into this 
register depends on the interval between the rising edge of the DISPTMG signal and the dis- 
play start position. For details of DISPTMG signal fine adjustment, refer to section 3.4, Dis- 
play Timing Signal Fine Adjustment. 


This register is invalid when the DISPTMG signal is generated internally, that is, when either 
the DCK bit or the DSP bit of control register 1 (RO) is 1. 


fj —ié 
Data Bit sf2]io. 
Function and Value aie. od 


Absolute value of Nda (Unit: Dots) 


Polarity selection 0: —(advances the DISPTMG signal) 
1: + (delays the DISPTMG signal) 


Nda: Number of adjustment dots 





Figure 1-12 Fine Adjust Register 


PLL Frequency-Division Register (R10 and R11): Specifies the PLL frequency-division 
ratio for generating the CRT display dot clock (DOTCLK) by a PLL circuit (figure 1-13). The 
PLL frequency-division ratio is the ratio of the DOTCLK signal frequency to the horizontal 
synchronization signal (HSYNC) frequency. The LVIC generates the DOTCLK signal accord- 
ing to this ratio. The PLL frequency-division register can contain a ratio from 731 to 986. For 
details of DOTCLK signal generation, refer to section 3.3, Dot Clock Generation. 


This register is invalid when the DOTCLK signal is supplied externally, that is, when the DCK 
bit of control register 1 (RO) is 0. 
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Data Bit 


Value Nett — 731 


Nett: PLL frequency-division ratio 


= DOTCLK frequency/HSYNC frequency 


Figure 1-13 PLL Frequency-Division Register 


Vertical Back Porch Register (R12 and R13): Specifies the vertical back porch which is the 
number of lines between the active edge of the vertical synchronization signal (VSYNC) and 
the rising edge of the display timing signal (DISPTMG) when the DISPTMG signal is gener- 
ated internally (figure 1-14). For details of vertical back porch, refer to section 3.2.2, Display 
Timing Signal Generation and Register Setting. 


This register is invalid when the DISPTMG signal is supplied externally, that is, when both the 
DCK bit and the DSP bit of control register 1 (RO) are 0. 


EE 
| Oataet | 3] 2] +fo}s} 2] sjo 


Nevbp — 1 (Unit: Lines) 


Ncvbp: Vertical back porch = number of lines between the active edge of the VSYNC signal 
and the rising edge of the DISPTMG signal. (The SPS pin must be set high when the 


VSYNC signal is active-high or low when it is active-low.) 








Figure 1-14 Vertical Back Porch Register 
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Horizontal Back Porch Register (R14 and R15): Specifies the horizontal back porch which 
is the number of dots between the rising edge of the horizontal synchronization signal 

(HS YNC) just before the rising edge of the display timing signal (DISPTMG) and the rising 
edge of the DISPTMG signal, when the DISPTMG signal is generated internally (figure 1-15). 
For details of horizontal back porch, refer to section 3.2.2, Display Timing Signal Generation 


and Register Setting. 


This register is invalid when the DISPTMG signal is supplied externally, that is, when both the 
DCK bit and the DSP bit of control register 1 (RO) are 0. 


(Unit: Dots) 


Nchbp: Horizontal back porch = number of dots between the rising edge of the HSYNC signal 
(just before the rising edge of the DISPTMG signal) and the rising edge of the DISPTMG 


signal) 





Figure 1-15 Horizontal Back Porch Register 
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1.6.4 Register Programming Limits 


The values written into the LVIC’s internal registers have the limits listed in table 1-10. The 


symbols in table 1-10 are defined as shown in table 1-11 and figure 1-16. 


Table 1-10 Limits of Values Written into Registers 


Applicable 

Item Limits Notes Registers 
Screen 4 SNvd S$ (Nevbp + Nevsp) —1 $ 1024 R2, R3, R4, 
Configuration 4 £Nhd S$ (Nchbp x 1/n + Nchsp)-1£$506 =1,2 R6, R7 

(Nhd + 6) x n x Nvd x frtm © fborc.K 1,3 

= 30 MHz 
CL3 Signal 1 S$ Npw S(Nhd + 6)/2 — 1 4 R4, R5, R6, 
Control 1 < Npw <Nhd 5 R7, R8 

1<Npw SNpc—1 6 
DISPTMG Signal 1 S$ Nchbp § 256 7 R12, R13 
Generation 1 $ Nevbp S$ 256 ql R14,R15  [s=eusve)y 
No Memory 4 =Nhd S$ Nchsp — 4 8 R2, R3, R4, 
(Through Mode) 4 SNvd S$ Nevsp — 1 8 R6, R7 3 
Notes: 





1. n indicates the horizontal character pitch which is the number of horizontal dots making up one character. 
2. Nhd £250 in dual screen modes (display modes 1 and 6). 
3. frim is the FLM signal frequency and fporcrx is the CRT display dot clock (DOTCLK) frequency. 
fipotck < foorcik X 15/16 or fiporcx = fpoorcLK 
(fuporck is the LCD dot clock (L.DOTCK) frequency) 
. In display modes 1, 2,4, and 6-8 
. In display modes 3, 5, and 9-12 where Npw = (value in R8) + 5 
. In display modes 13-16 where Npw = (value in R8) +5 
. (Value in R14 and R15) < (Nchsp x n + Nchbp) — Nhd x n—2 


a DA nA fF 


(n = horizontal character pitch) 

(Value in R12 and R13) $ (Nevsp x n + Nevbp) — Nvd — 2 
8. Nht = Nchsp + (Nchbp x 1/n), Nvd < Ncvbp + Ncevsp 

(Nht = (Nhd + 6) when buffer memory is used) 


(n = horizontal character pitch) 


@ HITACHI 29 
Hitachi America Ltd. ¢ Hitachi Plaza * 2000 Sierra Point Pkwy. © Brisbane, CA 94005-1819 (415) 589-8300 


HD66840 Preliminary 


Table 1-11 Symbol Definitions 


S ymbol 
Nchd 


Nchsp 


Nchbp 


Nevbp 


Nevsp 


Necvd 
Nhd 


Npc 
Npw 
Nht 


Nvd 


30 


Definition 

Number of horizontal displayed characters on the CRT display ((number of 
horizontal displayed dots on the CRT display) x 1/8) 

Number of characters between the rising edge of the DISPTMG signal and that 
of the HSYNC signal ((number of dots between the rising edge of the 
DISPTMG signal and that of the HSYNC signal) x 1/8) (= horizontal synchro- 
nized position) 

Number of dots between the rising edge of the HSYNC signal and that of the 
DISPTMG signal (just after the rising edge of the HSYNC signal) (= horizontal 
back porch) 

Number of lines between the active edge of the VSYNC signal and the rising 
edge of the DISPTMG signal (just after the active edge of the VS YNC signal) 
(= vertical back porch) 

Number of dots between the rising edge of the DISPTMG signal and the active 
edge of the VSYNC signal (= vertical syncronized position) 

Number of vertical displayed lines on the CRT display 

Number of horizontal displayed characters on the LCD ((number of horizontal 
displayed dots) x 1/8) 

Number of characters during a CL3 signal period ((number of dots during a CL3 
signal period) x 1/8) 

Number of characters while the CL3 signal is high ((number of dots while the 
CL3 signal is high) x 1/8) 

Number of characters during a CL1 signal period ((number of dots during a CL1 
signal period) x 1/8) 

Number of vertical displayed lines on the LCD 
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DISPTMG Se ee, 
] 
le Nchd —————> ! 
HSYNC  _! : | | ! 
I 


J 
<—_______—— Nchsp aaa Nchbp ———>! 


Active edge 
VSYNC | | | 


pispmm]a _y TLL Acs 1) | re coer 


SECTION 


ae Ca oe ce a 


Cli : ! ir 3 


CL1 | | | 
CL3 | | | | | 





FLM | | | 
a LL. ig aoe gl el 
Se Pe a eeu, (Note) 


beg ——___________________ Nvd Be ee ee 


Note: When the screen is dual, the Nvd period is doubled. 


Figure 1-16 Symbol Definitions 
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Section 2 Interface 
2.1 Video Signal Interface 


The LVIC converts the standard video signals for CRT display into LCD data through the use 


of a sevenpin video signal interface. 


Figure 2-1 shows an example of connecting video signals to the LVIC. Since the dot clock 
(DOTCLK) and the display timing signal (DISPTMG) are not usually output as standard video 
signals, these signals must be generated. For the generation of these signals, refer to section 
2.5, PLL Interface, and section 3.2, Display Timing Signal Generation. The case in which all 
the video signals are supplied to the LVIC is described below. 


The DOTCLK signal, which acts as a latch clock for serial RGB data, is the basic clock of the 
LVIC. The LVIC latches the serial data at the DOTCLK signal and converts it into 8-bit paral- 
lel data for output to buffer memory. 


The horizontal and vertical synchronization signals (HSYNC and VS YNC) are necessary to 
synchronize the LVIC with the CRT display system. They act as basic clocks when the 
DISPTMG signal and the DOTCLK are generated internally. 


The DISPTMG signal marks the display start position with its rising edge. It does not matter 
whether the high-level pulse width of the signal is larger than the number of horizontal dis- 
played characters. However, the number of horizontal displayed characters must be smaller 


than the total number of horizontal characters of the CRT display. 


Display timing signal DISPTMG 
Video signal (red ) 
Video signal (green) 


Video signal (blue) 

Dot clock 

Horizontal synchronization 
Vertical synchronization 





Figure 2-1 Video Signal Interface 
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Figure 2-2 is the timing charts for the video interface signals. Set the DOTE pin high when the 
LVIC latches the RGB data at the falling edge of the DOTCLK signal, and set it low at the 
rising edge. If the display start position shifts, adjust the DISPTMG signal. (Refer to section 
3.4, Display Timing Signal Fine Adjustment, for details.) 


DOTCLK 


DOTCLK 


SECTION 


DISPTMG 





Note: See the data book for detailed timing specifications 





Figure 2-2 Timing of Video Interface Signals 
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2.2 LCD Interface 
2.2.1 LDOTCK Signal Frequency Calculation 


The frequencies of the CRT display dot clock (DOTCLK) and the LCD dot clock (LDOTCK) 
of the LVIC can be set independently. However, the range of the LDOTCK signal frequency is 
limited since data read and write operations between the LVIC and buffer memory are all 
based on the DOTCLK signal. 


The LDOTCK signal serves as the basic clock for LCD signals. The LDOTCK signal fre- 
quency (fLpotck) is determined by LCD screen size and the FLM signal frequency (frim), and 


is obtained by the following equation: 


fLporck = (Nhd + 6) & n X Nvd/m X fFLM .........cccccccc ccc eessesescccccescsssesecsceeeees (2-1) 
Nhd: Number of horizontal displayed characters 
(number of horizontal displayed dots x 1/8) 
Nvd: Number of vertical displayed lines 
n: Horizontal character pitch (number of horizontal dots for one character) 
m: 1... Single screen 
2... Dual screens 
Set the FLM signal frequency according to the specification of the LCD module being used. 
About 70 Hz is usually suitable. If the frequency 1s too low, the display may be uneven or it 
may flicker, while if the frequency 1s too high, the LDOTCK signal frequency becomes higher 
than the DOTCLK signal frequency, preventin g normal display. One of the following relation- 
ships must hold between the LDOTCK signal frequency (f_potck) and the DOTCLK signal 


frequency (fporcLk): 


PEDOTEK <SIDOTCLK OC 1D) 1G scecsste ses cesitivectannseseedoenaacecucttavaaseatasesucasbereednloans (2-2) 
or 

PL DOTOR: SP DOTCUK 353 dacs spsctde sesaaacbetestacuiasadecaateidedieuiveatusksehaenetecepecaentetcone ces (2-3) 

(In this case, the phases of the LDOTCK signal and the DOTCLK 

signal must be opposite.) 


Table 2-1 lists the optimum LDOTCK frequencies for different CRT display systems. 
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Table 2-1 LDOTCK Signal Frequencies for Different CRT Display systems 


CRT Display CRT Display LCD Screen Dot Clock LCD Dot Clock FLM Signal 
System Screen Size (Dots) Size (Dots) Frequency (MHz) Frequency (MHz) Frequency (Hz) 
CGA 640 x 200 640 x 200 14.318 9.632 70 
EGA 640 x 350 640 x 350 16.257 16.257 67.5 
PC-9801™ 640 x 400 640 x 400 21.053 19.264 70 
VGA 640 x 480 640 x 480 25.175 23.117 70 

720 x 480 720 x 480 28.321 25.805 70 


CGA: Color Graphics Adapter™ 
EGA: Enhanced Graphics Adapter™ 
VGA: Video Graphics Adapter™ 


2.2.2 TN-Type LCD Interface 


The LVIC uses the FLM, M, CL1, and CL2 signals as TN-type LCD interface signals, and it 
uses the LUO-LU3 and LDO-LD3 pins for outputting display data. 

SECTION 
Figure 2-3 shows an example of connecting a TN-type LCD to the LVIC. In this figure, the 
HD61104s are used as X-drivers (column drivers) and the HD61105s are used as Y-drivers 3 
(row drivers). This circuit supports display mode 2 (monochrome display, 4-bit data transfer, 





single screen). 


The LVIC outputs four bits of display data via the LUO—LU3 pins at the rising edge of the CL2 
signal, and the X-drivers latch the data at its falling edge. 
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Figure 2-3 TN-Type LCD Interface 
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Figure 2-4 is a timing chart for LCD interface signals and figure 2-5 is an expanded view of the 


same timing. 


The LVIC outputs a number of CL2 signal pulses equal to a quarter of the horizontal displayed 
dots during one line display period. However, the LVIC has a retrace period of six characters 
(48 dots) long, and does not output CL2 signal pulses during this period. Accordingly, the CL1 
signal pulses do not overlap with the CL2 signal pulses. The retrace period is fixed and cannot 
be changed. 


The CL2 signal period depends on the display mode; the CL2 signal period in the 4-bit data 
transfer and single screen modes is half that in the 4-bit data transfer and dual screen modes 
and the 8-bit data transfer and single screen modes. Therefore, the amount of data transferred 
to the LCD drivers per unit time is the same in all display modes. 


The CL2 signal frequency (fcL2) is expressed as follows: 
fcL2 = fLporcK x 1/4 (in display modes 2, 3, 7, 9, 10, 13, and 14)... (2-4) SECTION 


fcL2 = fLpoTcKk x 1/8 (in display modes 1, 4, 5, 6, 8, 11, 12, 15, and 16) ...... (2-5) 
fLpotck: LCD dot clock (LDOTCK) frequency f ; 
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Note : See the data book for detailed timing specifications. 
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Figure 2-4 Timing of LCD Interface Signals 
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Figure 2-5 Expanded View of Figure 2-4 
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2.2.3 TFT-Type LCD Interface 


The LVIC uses the CL3 and CL4 signals as TFT-type LCD interface signals in addition to the 
TN-type LCD interface signals, and it uses the RO-R3, GO—G3, and BO-B3 pins for outputting 
display data in the 8-color display modes. (In the monochrome display modes, the LVIC uses 
the LUO-LU3 and LDO-LD3 pins in the same way as in the TN-type LCD modes.) Both the 
CL3 and CL4 signals are line shift clocks for Y-drivers (row drivers). 


Figure 2-6 shows an example of connecting a TFT-type LCD to the LVIC. In this figure, the 
HD61104s are used as X-drivers (column drivers) and the HD61105s are used as Y-drivers 
(row drivers). This circuit supports display mode 9 (8-color display, X-, Y-drivers on one side, 
vertical stripes). In this case, the X-drivers are divided into R data output drivers, G data 
output drivers, and B data output drivers. The LVIC sends RGB data to the corresponding 
drivers. The Y-drivers drive the gate electrodes of the TFT-type LCD panel, and the CL3 
signal acts as a line shift clock for the Y-drivers. For details of the CL3 and CL4 signals, refer 
to section 7.1, CL3 and CL4 Signal Functions. 


In this case, the output timing of the TFT-Type LCD interface signals is basically the same as. 
that of the TN-type LCD interface signals. In particular, the output timings of the CL3 signal 
and the CLI signal are almost the same. Their periods and falling edges are identical, but their 


rising edges are not always identical (refer to figures 2-4 and 2-5). 
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Figure 2-6 TFT-Type LCD Interface 
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2.3 Buffer Memory Interface 
2.3.1 Memory Type and Memory Capacity Calculations 


Memory Type: The type of memory which can be employed as buffer memory is limited by 


the CRT display dot clock frequency (fporcix). Specifically, the memory must satisfy the 


conditions given in equations 2-6 and 2-7 below, where tcycp is the dot clock cycle time 
(1/fpoTcLk). 


Memory access time S$ LVIC read cycle time—LVIC read data setup time 
< 5‘tcycp — 50 — 25 (ns) 
< 5° tcycp —75 CBS escent eat ce aciectatetentes (2-6) 


Memory write (input) data setup time £ LVIC write (output) data setup time 
| S 2+ tcvcp — 25 (MS) vc ceeseesescesseeceee (2-7) 


For example, the following calculations show that a memory whose access time is less than or 
equal to 274 ns and whose write data setup time is less than or equal to 115 ns can be used for 
the LVIC used with a CGA board (fpotcLk =14.318 MHz): 


Memory access time S (5/14.318 x 10°)/(1 x 10°) —75 (ns) 
S274 (ns) 


(2/14.318 x 10%/(1 x 10°%) — 25 (ns) 
115 (ns) 


Memory write data setup time 


HA WA 


Memory Capacity Calculation: The memory capacity required per plane is determined by 
the display screen size and can be obtained from the following equation: 


Memory capacity (bits) = Nhd X Nvd X 8 ou... eeeeeeeseeceeesececeseeeeeeeeeeseees (2-8) 
Nhd: Number of horizontal displayed characters 

(number of horizontal displayed dots x 1/8) 
Nvd: Number of vertical displayed lines 


For instance, a display screen of 640 x 200 dots requires 128 kbits in the monochrome display 
modes and 3 x 128 kbits in the 8-level gray scale display modes and 8-color display modes. 
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Table 2-2 lists the optimum memory devices and their quantities for different CRT display 


systems. 


Memory capacity is selected with the MSO and MS1 pins or with the MSO and MS1 bits of 


control register 2 (R1). For details, refer to section 3.6, Buffer Memory Selection. 
Table 2-2 Optimum Memory Devices and Quantities for Different CRT Display Systems 


Device Quantities 


CRT Display Display Screen foorcLk Optimum “Monochrome Gray Scale, 
System Size (Dots/Bits) (MHz) Memory Device Display Color Display 
CGA 640 x 200/125k 14.318 HM6264P-15 2 6 
EGA 640 x 350/218.75k 16.257 HM62256P-15 1 3 
PC-9801 640 x 400/250k 21.053 HM62256P-15 1 3 
VGA 640 x 480/299. 8k 25.175 HM62256P- 12 2 6 
640 x 520/325k 28.321 HM62256P- 10 6 
foorctx: CRT display dot clock (DOTCLK) frequency SECTION 


HM6264P-15: 64-kbit memory with access time of 150 ns 
HM62256P-15: 256-kbit memory with access time of 150 ns 3 
HM62256P-12: 256-kbit memory with access time of 120 ns 

HM62256P-10: 256-kbit memory with access ime of 100 ns 
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2.3.2 Buffer Memory Interface 


The LVIC uses memory address lines (MAO—MA15), memory chip select signals (MCSO, 
MCS1 ), and a memory write enable signal (MWE) as buffer memory interface signals, and it 
uses the RDO—-RD7, GDO-GD7, and BDO—BD7 pins for outputting display data. 


Figure 2-7 shows an example of connecting HM62256s (32-kbyte memories) to the LVIC. 
Since the MA13—MA\15 pins are also used by the memory addresses and the memory chip 
select signals, the connection of these pins to memory devices depends on the type of memory 
being used. For details, refer to section 3.6, Buffer Memory Selection. 


Figures 2-8 and 2-9 are timing charts of the buffer memory interface timing signals. 





Figure 2-7 Buffer Memory Interface 
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Ti (5 tcycp) T2 (5 tcycp) Ts (6 tcycp) 


DOTCLK 


MAO0-MA15 
MGS0-MCS1 


RD0-RO7 CHLTIEK ‘eid data XYYIIK Vaid data) CHD 

BDO-BD7 (Memory to LVIC) 
tcycp :Dot clock cycle time 

R1, R2: Read cycle 1, 2 


W: Write cycle 


Note: See the data book for detailed timing specifications. 





SECTION 


Figure 2-8 Buffer Memory Read Timing 





Ta (5 tcycp) Ts (6 tcycp) T1 (5 tcycp) 


DOTCLK 


MAO-MA15 


MCSO0-MCS1 
(To the memories being read) 


MCS0-MCS1 
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MWE 
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600 GO), ia ee 
BDO-BD7 (LVIC to memory) 
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W: Write cycle 


Note: See the data book for detailed timing specifications. 





Figure 2-9 Buffer Memory Write Timing 
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The LVIC writes data corresponding to half a CRT display screen into buffer memories for 
each frame, which means it takes two frames for the LVIC to write data corresponding to one 
CRT display screen. 


In single screen modes, the LVIC writes data to the buffer memories as shown in figure 2-10 in 
a specific order. In the first frame, the LVIC writes daia 1, 3, 5, ..., with ihe AO signal fixed 


low. In the second frame, the LVIC writes data 2, 4, 6, ..., with the AO signal fixed high. 


In dual screen modes, on the other hand, the LVIC writes data to the buffer memories as shown 
in figure 2-11. In the first frame, the LVIC writes data 1, 3, 5, ... corresponding to the top half 
of the screen with both the AO and A1 signals fixed low. The LVIC then writes data A, C, E, 
... Corresponding to the bottom half of the screen with the AO signal fixed high and the Al 
signal low. Similarly, in the second frame, the LVIC writes data 2, 4, 6, ... for the top half of 
the screen with the AO signal fixed low and the A1 signal high, then it writes data B, D, F, ... 
for the bottom half of the screen with both the AO and A1 signals fixed high. 


When reading from the buffer memories, the LVIC simply reads out the data from low-order 
addresses to high-order addresses in order. 


CRT display screen Buffer memory 


123 45 67 8 9 


ABCODEFGHI 





Figure 2-10 Data Arrangement in Buffer Memory in Single Screen Modes 
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Figure 2-11 Data Arrangement in Buffer Memory in Dual Screen Modes 


2.3.3 Through Mode 


SECTION 


The LVIC can also convert CRT display data into LCD data without using buffer memory by a 
process called through mode. Through mode is enabled by selecting the no-memory mode 3 
with the MSO and MS1 pins or with the MSO and MS1 bits of control register 2 (R1). 





In through mode, all LVIC operations are synchronized with the CRT display horizontal 
synchronization signal (HS YNC) and the vertical synchronization signal (VSYNC). Therefore, 
in this case it is impossible to control the LCD frame frequency (the FLM signal frequency) 


independently. 


Figure 2-12 is the timing chart of the LCD control signals in through mode. As shown in the 
figure, the CL1 signal period is identical to the HSYNC signal period, and the LCD frame 
frequency is identical to the CRT display frame frequency (the VSYNC signal frequency). 
Accordingly, the CRT display frame frequency must be set to 70 Hz in order to obtain a 70 Hz 


LCD frame frequency, which requires rewriting the value set in the CRT controller. 


The following limitations are due to the fact that it is impossible to control the LCD frame 
frequency and the CRT display frame frequency independently in this mode: 


¢ Double-height displays and LCDs with Y-drivers on both sides are disabled since the LVIC 
cannot control the phase relation between the CL3 signal and the CL1 signal. 
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} 

¢ The falling edge of the HSYNC signal must be synchronized with the rising edge of the 
VSYNC signal since the input timings of the HSYNC and the VSYNC signals are limited. 

¢ The CL1 signal pulses for more than the number of specified displayed lines. (Refer to 
figure 2-12.) 

¢ The pins for transferring data between the LVIC and buffer memory must be left open since 


these pins are all driven into o1 


eeaswuw | eoaetes 


= 


. ve we 


tnuit state 
pu are. 


pl 


tal 
displayed characters 


—> 
1 
Number of vertical 
displayed lines 


Number of rizon 


[fe] 

+ 
a 
89 
oo 
No 
5 9 
ot ong 
6 g---4-- 
23 
ES 
z3O 


= 
| 





Figure 2-12 Timing of LCD Control Signals in Through Mode 
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In addition to the limitations, note that dual screen LCDs are disabled in through mode. Setting 


the DM3—DM0 pins for dual screen modes prevents normal display since the LVIC transfers 


the high-order four bits of display data to the upper screen and the low-order four bits to the 


lower screen (figure 2-13). 


CRT display screen 


1234567 8 


Low-order 4 bits 


High-order 4 bits 


Figure 2-13 Dual Screen Mode Display in Through Mode 
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2.4 MPU/ROM Interface (For Programming Internal Registers) 


There are two methods of controlling the LVIC: a pin programming method and an internal 
register programming method. The latter method is divided into an MPU programming 
method and a ROM programming method. The interfacing of the LVIC with an MPU or ROM 


for programming internal registers is described beiow. 
2.4.1 MPU Interface 


Figure 2-14 shows examples of connecting an HD64180 and an HD6301 (8-bit MPUs) to the 
LVIC. When an HD64180 is connected to the LVIC, input an ORed signal of the RD and IOE 
signals of the MPU through the LVIC’s RD pin, and an ORed signal of the WR and IOE 
signals of the MPU through the LVIC’s WR pin. The reason for this is that the MPU considers 
the LVIC to be an I/O device. When an HD6301 is connected to the LVIC, generate the 
LVIC’s RD and WR signals from the HD6301’s R/W and E signals, as shown in the figure. 
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Figure 2-14 MPU Interface 
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Figure 2-15 is the timing chart of the MPU interface signals. 


When writing data into an internal register, first set the RS signal low to select the address | 
register (AR), then write the address of the desired register into the address register. Finally, 
set the RS signal high and write the data. 


The procedure for reading data from a register is exactly the same as that for writing data. 


Since all the internal registers consist of four bits, the high-order four bits from the MPU are 
not used. In addition, data write/read operations are all performed while the CS signal is low. 


RS 
WR 

i a ee ee ee Ne 
Do-D3 


iz t t ' 


The MPU writes The MPU writes The MPU writes The MPU reads 
the register N data M into the register N' data M' from 
address into the register N address into the register N' 
address register address register 





Figure 2-15 Timing of MPU Interface Signals 
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2.4.2 ROM Interface 


Figure 2-16 shows an example of connecting an HN27C64 (ROM) to the LVIC. The RS, CS, 
and WR pins must be fixed either high or low in this case. If the ROM programming method is 
specified, the LVIC outputs addresses $0 to $F in sequence through the AO—A3 pins. The 
DO—D3 pins are always in input state. Connecting the AOQ—A3 signals to the low-order four bits. 
of the ROM address lines enables the LVIC to read data from the ROM and write it into the 


internal registers. Figure 2-17 shows the timing for this process. 


HN27C64 


SECTION 


35 





Figure 2-16 ROM Interface 





Figure 2-17 Timing of ROM Interface Signals 
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2.5 PLL Interface 


The dot clock (DOTCLK), which is the latch clock for serial RGB data, is not a standard video 
signal and is not output from the CRT plug. Consequently, the DOTCLK signal must be gen- 
erated outside the system. The LVIC has a programmable counter and a phase comparator. 
Therefore, a PLL circuit can be configured to generate the DOTCLK signal if a charge pump, a 
low-pass filter (LPF), and a voltage-controlled oscillator (VCO) are connected to the program- 
mable counter and the phase comparator. Figure 2-18 is a PLL circuit diagram. 


A PLL circuit is a feedback controller whose internal programmable counter generates a clock 
of a frequency and phase identical to those of the base clock. 


In the PLL circuit, the VCO oscillates with a frequency determined by the voltage at power-on 
and outputs a clock to the programmable counter. The programmable counter divides the 
frequency of the clock according to the value specified in the PLL frequency-division register 
(R10 and R11) and outputs the frequency-divided clock to the phase comparator. 


The phase comparator compares the edges of the frequency-divided clock and the base clock, 
where the base clock is the horizontal synchronization signal (HSYNC). The phase comparator 
outputs the CD signal to the charge pump and the LPF when the frequency of the frequency- 
divided clock is higher than that of the HSYNC signal, or when the phase of the frequency- 
divided clock is ahead of that of the HSYNC signal. Otherwise, the phase comparator outputs 
the CU signal. Figure 2-19 shows the timing for the phase comparator outputs. 


The charge pump and the LPF apply a voltage to the VCO according to the CD or the CU 


signal. 


‘The PLL circuit repeats this operation until the phase and frequency of the frequency-divided 
clock coincide with those of the HSYNC signal. The PLL circuit subsequently supplies a 
stable DOTCLK signal. 


Since the LVIC outputs the CD and CU signals at CMOS levels, both CMOS-level and TTL- 


level elements can be used for the charge pump. 
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N : Value specified by the PLL frequency-division register 
(= PLL frequency-division ratio) 


f DOTCLK : CRT display dot clock (DOTCLK) frequency 





Figure 2-18 Phase Comprator Output Timing 
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Figure 2-19 PLL Circuit Block Diagram 
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Section 3 LVIC Functions and Register 
and Pin Settings 


Either of two methods may be selected to control LVIC functions: an internal register 
programming method or a pin programming method. The former method controls LVIC 
functions by setting parameters in the internai registers, and ihe iaiter method conirois ihem by 
setting mode setting pins high or low. The internal register programming method can be 
subdivided into an MPU programming method and a ROM programming method, as described 
in section 2. 


When using the LVIC, first select a programming method with the PMODO and PMOD! pins. 
For details of programming method selection, see table 1-5 in section 1.5.5, Mode Setting Pins. 
The internal register programming method must be selected, by setting (PMOD0, PMOD 1) = 
(O, 1) or (1, 0), in the following cases: 


¢ When programming a screen size which the pin programming method cannot support. 

¢ When generating the display timing signal (DISPTMG) internally. 

¢ When generating the dot clock (DOTCLK) with the PLL circuit. 

¢ When alternating the M signal every line in a monochrome or 8-level gray scale display 
mode. 

¢ When controlling LCD on/off. 


Select either the pin programming method or the internal register programming method in all 
other cases. 


Table 3-1 shows what 1s actually used to control the various LVIC functions after a program- 
ming method is selected with the PMODO and PMOD1 pins. 


This section explains the LVIC functions and how to control them by the internal registers or 


pins. 
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Table 3-1 LVIC Functions and Control Methods 


Function Controlled by: Note Reference Section 

Display Mode Setting Pins 1 6 Display Mode Settings and 
Contents 

Screen Size Setting Pins or internal registers 2 3.1 Screen Size Setting 

Display Timing Signal Internal registers — 3.2 Display Timing Signal 

Generation Generation 


(Horizontal and Vertical 

Back Porch Specification) 

Dot Clock Generation Internal registers — 3.3 Dot Clock Generation 
(PLL Frequency-Division 

Ratio Specification) 





Display Timing Signal Pins or internal registers —- 3.4 Display Timing Signal 

Fine Adjustment Fine Adjustment 

LCD Driving Signal Internal registers 3 3.5 LCD Driving Signal 

Alternation Selection Alternation SECTION 
Buffer Memory Selection Pins or internal registers -——- 3.6 Buffer Memory Selection 

Display On/Off Control Internal registers 4 3.7 Display On/Off Control 3 
RGB Signal Latch Pins 1 3.8 Video Signal Latch 

Timing Selection | Timing Selection 

VSYNC Signal Polarity Pins ] 3.9 Vertical Synchronization 

Selection Polarity Selection 

Notes: 


1. Only pins can control this function, even if the internal register programming mcthod is selected with the 
PMOD0 and PMOD1 pins. 

2. The pin programming method cannot support all sizes. 

3. The pin programming method fixes LCD driving signals to alternate every frame in display modes 1-8 and 
every line in display modes 9-16. 


4, The pin programming method fixes the LCD to be always on. 
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3.1 Screen Size Setting 
3.1.1 Screen Size Control 
Either the internal registers or the pins can be used to control screen size. 


In the internal register programming method, any even number from 4 to 506 (32 to 4048 dots) 
can be selected as the number of horizontal displayed characters), using the horizontal dis- 
played characters register (R6 and R7). Similarly, any even number from 4 to 1028 can be 
selected as the number of vertical displayed lines with the vertical displayed lines register (R2, 
R3, and the high-order two bits of R4). However, an odd number of lines can also be selected 
in the single screen modes with Y-drivers on one side, that is, in display modes 2, 4, 7-9, 11, 
13, and 15. Note that it is not the multiplexing duty ratio but the number of displayed lines that 
is specified. This means that the specified value does not depend on screen configuration. 


In the pin programming method, 80 or 90 characters (640 or 720 dots) can be selected as the 
number of horizontal displayed characters with the XDOT pin, and 200, 350, 400, 480, 512, or 
540 lines can be selected as the number of vertical displayed lines with the YL—YLO pins 
(table 1-7). Up to 15 lines can be added with the ADJ and F3—F0 pins to the number of vertical 
displayed lines specified with the YL2—YLO pins. (Refer to section 1.5.5, Mode Setting Pins.) 


Figure 3-1 shows the relationship between an LCD screen and the pins and internal registers 


controlling screen size. 


Number of horizontal displayed 
characters 


Pin: XDOT 
Register: Horizontal displayed 
characters register (R6 and R7) 


Number of vertical displayed 
lines 


Pins: YL2—-YLO, ADJ, F3-F0 

Register: Vertical displayed lines register 
(R2, R3, and high-order 2 bits 
of R4) 


LCD screen 





Figure 3-1 Relationship between LCD Screen and Pins/Internal Registers 
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3.1.2 Setting Examples 


Figures 3-2 to 3-5 show screen size examples. Tables 3-2 and 3-3 show the setting of registers 


and pins corresponding to each of the screen sizes. 


400 dots 


400 x 200 dots 
LCD screen 200 dots (50 characters x 200 lines) 
| Single screen, normal display 


Figure 3-2 LCD Screen Example 1 





SECTION 


640 dots | 5 


a re re ea oe | 
i 640 x 200 dots 
LCD screen 200 dots (80 characters x 200 lines) 
| Single screen, normal display 


Figure 3-3 LCD Screen Example 2 





640 dots 
es ae a ee 


LCD upper screen 180 dots 640 x 360 dots 


(80 characters x 360 lines) 


Dual screens, normal display 
LCD lower screen 180 dots 





Figure 3-4 LCD Screen Example 3 
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200 dots 720 x 400 dots 

(90 characters x 400 lines) 
Dual screens, 

200 dots double-height display 


y 





LCD lower screen 





Figure 3-5 LCD Screen Example 4 


Table 3-2 Internal Register Settings for Different LCD Screen Sizes 


Values to be Written 
Horizontal Displayed Vertical Displayed 
Reference Figure Characters Register Lines Register 
3-2 24 (00011000) 199 (0011000111) 
3-3 39 (00100111) 199 (0011000111) 
3-4 39 (00100111) 359 (0101100111) 
3-5 44 (00101100) 199 (0011000111) 


Table 3-3 Pin Settings for Different LCD Screen Sizes 


Reference Figure XDOT YL2 YLI YLO ADJ F3 F2 Fl FO Note 


3-2 — — — — — —- — — — 1 
3-3 0 0 0 0 oe —- —- — — 2 
3-4 0 0 0 l 0 1 0 1 0 3 
3-5 1 0 0 (0) — — —_—_ — —— 2 
Notes: 


1. Cannot be programmed with pins. 
2. The ADJ and F3-F0 pin settings depend on whether the display timing signal (DISPTMG) is adjusted. 
3. Ten lines are added to the number of vertical displayed lines originally specified by the vertical displayed lines 


register. 
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3.2 Display Timing Signal Generation 


The display timing signal (DISPTMG) function and the register setting for generating the 


signal are described below. 
3.2.1 Display Timing Signal Function 


CRT display data is divided into display period data and retrace period data, but only display 
period data is necessary for an LCD. Therefore, the LVIC requires the display timing signal 
(DISPTMG) which indicates whether the data transferred is display period data or retrace 
period data. The LVIC writes to buffer memory as valid data only the data transferred during 


the display period. 


Figure 3-6 is a conceptual diagram illustrating the relationship between the CRT display 
period, retrace period, and an LCD screen. Figure 3-7 is the corresponding timing chart. 


SECTION 


Display period 


(display screen) Display screen 





Figure 3-6 CRT Display Period, Retrace Period, and LCD Screen 


CRT display period CRT retrace period 


DISPTMG 





Figure 3-7 Display Timing Signal (DISPTMG) and RGB Signal 
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3.2.2 Display Timing Signal Generation and Register Setting 


The LVIC can generate the display timing signal (DISPTMG) from the vertical synchroniza- 
tion (VS YNC) and horizontal synchronization (HS YNC) signals. 


Figure 3-8 shows the relationships between the timings of the HS YNC, VSYNC, and 
DISPTMG signals. In this figure, the rising edge of the HSYNC signal appears at the same 
time or a little after the falling edge of the VSYNC signal. Similarly, the rising edge of the 
DISPTMG signal (display start position) appears at the same time or a little after the rising 
edge of the HSYNC signal. The phase shift between the rising edge of the VSYNC signal and 
that of the DISPTMG signal is called the vertical back porch and the phase shift between the 
rising edge of the HSYNC signal (the rising edge just before the rising edge of the DISPTMG 
signal) and that of the DISPTMG signal is called the horizontal back porch. 


1 frame 


VSYNC 


(Active-high) | Active edge 


HSYNC : : 
(Active-high) { Active edge: 


i. 
en Horizontal back porch (X dots) 


DISPTMG 
(Active-high) 


<—___________» 


LS eee Vertical back porch (Y lines) 


Note: The VSYNC and HSYNC signals can be active-low. 





Figure 3-8 Vertical and Horizontal Back Porches 
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The vertical and horizontal back porches must be specified with the internal registers to gener- 
ate the DISPTMG signal. The vertical back porch is expressed by a number of lines Y, and the 
horizontal back porch by a number of dots X. 


First set 1 in the DSP bit or the DCK bit of control register 1 (RO) to specify the vertical back 
porch register (R12: high-order, R13: low-order) and the horizontal back porch register (R14: 
high-order, R15: low-order). Then write the appropriate values into the registers. The values 


to be written into the registers can be obtained from the following equations: 


Value in R12 and R13 = vertical back porch time X fHSYNC — 1 oo... cece ce ee ees (3-1) 
Value in R14 and R15 = horizontal back porch time x fDOTCLK — 1 ...... eee (3-2) 
fiisync: HSYNC signal frequency 

fpotc.K: CRT display dot clock (DOTCLK) frequency 


The back porch times must be actually measured, since they depend on the CRT display sys- 
tem. When measuring the back porch times, note that the back porch time definitions of the 
LVIC differ from those of a CRT display and that the back porch times in equations 3-1 and SECTION 
3-2 follow the LVIC definitions (table 3-4, figure 3-9). | % 


Table 3-4 Comparison of Back Porch Time Definitions 





Term CRT or LVIC Definition 

Vertical CRT Interval between active edges of the VSYNC signal and 

Back Porch the DISPTMG signal 

Time LVIC Same as above 

Horizontal CRT Interval between the active edge of the HS YNC 

Back Porch signal (just before the rising edge of the DISPTMG 

Time signal) and the rising edge of the DISPTMG signal 
LVIC Interval between the rising edge of the HS YNC 


signal (just before the rising edge of the DISPTMG 
signal) and the rising edge of the DISPTMG signal 
Note: The SPS pin must be high when the VSYNC signal is active-high, or low otherwise. 
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Active edge 


VSYNC 
(Active-low) 


LY Active edge 


HSYNG | 1 | | | | i i 


(Active-low) 


Active edge 


xo 


DISPTMG 
(Active-high) a ost 
<> 

_ ee Horizontal back porch (LVIC) 
ee 


, \ Horizontal back porch (CRT display) 


yaa back porch (common to CRT display and LVIC) 





Figure 3-9 Comparison of Back Porch Time Definitions 


Table 3-5 shows the settings for R12—R15 when the LVIC is used with an IBM-PC/AT CGA 
board. 


Table 3-5 Back Porch Register Settings for the IBM-PC/AT CGA Board 


Data Bits 
Register 3 2 1 0 Contents 
R12 0 0 1 0 Vertical back porch: 37 lines 
R13 0 1 0 0 
R14 1 0 l l Horizontal back porch: 177 dots 
R15 0 0 (0) 0 
Notes: 


1. The above back porches were actually measured. 


2. The SPS pin is high. 
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3.3 Dot Clock Generation 


The LVIC can generate a dot clock (DOTCLK), which acts as a latch clock for CRT display 
data, from the horizontal synchronization signal (HS YNC). The parameter setting for 
DOTCLK signal generation by a PLL circuit and how to design the PLL circuit are described 
below. Refer to section 2.5, PLL Interface, for information on how the PLL circuit generates 
the DOTCLK signal. 


3.3.1 Parameter Setting for Dot Clock Generation 


To generate the dot clock (DOTCLK), first set 1 in the DCK bit of control register 1 (RO) to 
specify the PLL frequency-division register (R10: high-order, R11: low-order). Then set the 
parameter into the register. The PLL circuit generates the DOTCLK signal according to the 


frequency-division ratio specified by this register. 


The value to be written into the frequency-division register is (frequency-division ratio (NPLL)) 
— 731. NPLL can be obtained from one of the following equations: 


INPECE = TDOTCLK) TAS YING cot ss tetccteac cesta as cuatietuad ee vacua reas cose eased eatarnindncece (3-3) 


fpotcLk: DOTCLK signal frequency 
fusync: HSYNC signal frequency 
or 
NPLL = (total number of horizontal characters on the CRT display) x 
(horizontal character Ditcn): sessie. i cscahsviosssercawgns escaenexcentcceeeateenas (3-4) 
Horizontal character pitch: Number of horizontal dots for one character 
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Table 3-6 lists the PLL frequency-division ratios for major personal computers. 


Table 3-6 PLL Frequency-Division Ratios for Major Personal Computers 


\ 


Personal Screen foorcLK fusync PLL Frequency- 

Computer Size (Dots) (MHz) (kHz) Division Ratio Value in R10 and R11 
PC-880i 640 x 200 14.318 15.98 896 $A5 = 10100101 (binary) 
PC-9801 640 x 400 21.0526 24.83 848 $75 = 01110101 (binary) 
FM-11 640 x 400 21.0526 24.366 864 $85 = 10000101 (binary) 
FM-16B 640 x 400 21.0526 24.366 864 $85 = 10000101 (binary) 
B16/SX 640 x 400 21.0526 24.83 848 $75 = 01110101 (binary) 
B16/MX 640 x 400 23.9616 29.36 816 $55 = 01010101 (binary) 


IBM-PC™/AT CGA 640 x 200 14.318 15.75 912 
EGA 640 ~x 350 16.257 21.85 744 

VGA 640 x 480 28.321 31.5 899 

720 x 350 25.175 31.5 796 


$B5 = 10110101 (binary) 
$OD = 00001101 (binary) 
$A8 = 10101000 (binary) 
$41 = 01000001 (binary) 


3.3.2 PLL Circuit Design 

This section explains how to design a PLL circuit to suit a CGA or EGA board. 

VCO Design: An LPF must be designed to determine the response characteristics of the entire 
PLL circuit. However, before the LPF is designed, Kv (Mrad/s/V), which is the control sensi- 


tivity factor of a VCO, must be determined. 


In this case, a Clapp oscillator circuit is used as a high-frequency oscillator, as shown in figure 
3-10. The oscillation frequency (f) of this circuit can be obtained from the following 


equations: 
eos UP aot ORO ne MER eC eR OT OEE EON OF Te er See (3-5) 
C=Co+Cr + {1/(1/Ci1 + 1/Ci2 + 1/C13)} = Co+ CT + C1 we. (3-6) 


Check whether the circuit is oscillating after setting L and C to obtain the desired frequency f 
or not. Increase the value of Co with C11 = C12 = C13 = 100 pF. Use a 100-pF capacitor as CT 
and fix the CT value to half the value of its maximum capacitance, that is, to about 50 pF, to 
stop the oscillation at a certain point. The resulting value of Co is called Comax. 
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Construct Co with varicaps and capacitors as shown in figure 3-11. The capacitance of the 
varicaps depends on Vref, the reverse voltage. In this case, the value of Co is expressed as fol- 


lows: 


COS VCD B/C 10) si tecaceteniseatacetecn a ructicn cacaavetleceien vets ienalecatenseeeaes (3-7) 
Cb: Varicap capacitance 


Set C10 to a value such that Co is about 0.8COmax. The varicaps used here are ISV149s which 
have a maximum capacitance of 300 pF when the LPF outputs a voltage from 2 V to 8 V. 


Therefore the correct value of C10 is around 330 pF. 


Next, determine the value of L that makes the VCO oscillate at the same frequency as that of 
the PLL circuit. In the circuit shown here, f is 18 MHz, Cp is 25 pF, and Cr is 15 pF when Vref 


is 8 V. The value of L is expressed as follows: 

eS Oh 129 (UE) sraus seteieczss tes en oss face haeisrsdoeesaetianays es tanaae iideentaniach (3-8) 
When Vref is 2 V, f is 11.2 MHz. 
If the upper and lower limits of the control voltage are expressed as VrefH and VrefL, respec- 
tively, and the oscillation frequency at each voltage is expressed as fu (18 MHz) and fi (11.2 


MHz), respectively, Kv, the control sensitivity factor of the VCO, is expressed as follows: 


KV = { (fit — fL)/(VrefH — Vref) } X 20 ceccccscccseccscssesssscsscssecstsssessecssessecesecseesses (3-9) 
». Kv =7.1 (Mrad/s/V) 


However, the value of Kv in equations below is assumed to be 8.0, since this is the actually 


measured value. 


Bias the circuit according to the transistors’ values; any lag in the oscillation frequency can be 
adjusted with CT. 
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Figure 3-10 Clapp Oscillator Circuit 


Tr : 2SC535 


C11=C12=C13=100 pF 
C10=330 pF 
Co ; 1SV149 @ 





Figure 3-11 Co Structure 
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LPF Design: An active filter is used as the LPF in figure 3-12. In this case, the entire PLL 

Circuit is considered to be a secondary feedback control system. Therefore, first calculate the 

damping factor € and the natural frequency wn, which determine the control system character- 

istics, then determine the values of C and R. 

¢ Damping Factor C: According to figure 3-13, when frequency overshoot does not exceed 
25%, Cis 0.6. 

¢ Natural Frequency @n: From the frequency step response shown in figure 3-13, when the 
frequency difference does not exceed 5%, @n-t is 4.5. tis the pull-in time, and if t = 10 


(ms), @n*t is expressed as follows: 


wnt = 4.5/t = 450 (rad/s) 


SECTION 


3 





Figure 3-12 Active Filter 
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Figure 3-13 Second-Order Step Response 


The values of C and R of the active filter can be obtained from the following equations: 


C(I Ke KP KN Ti acini iene akan (3-10) 
Con = VKC KP KV/N «TI ccccccscsccscccsccscseccscsccscscsesessescscsececssaneeseseececaraees (3-11) 


Where T1 = C1: Ri, T2 = Ci- R2, Kc 51.0 (from actual measurements), and N is the frequency- 
division ratio (986). KP is the gain constant of the phase comparator (charge pump) and is 


expressed as follows: 
KP = (VOH — VOL)/410 (V/rad) ............ccccessescsssssssscssssscscscetenscenscescssscsceecees (3-12) 


The charge pump’s output is at TTL level in this case, so, if VOH = 2.3 and VOL =0.9, Kp = 
0.111 V/rad. C1 in equations 3-10 and 3-11 remains unknown. However, the values of R1 and 


R2 can be determined as follows, assuming that C1 = 0.22 pF: 


R1 = Kc: Kp: Kv/@n?: N: C1 = 20.2 = 22 (kQ) 
R2= 2C/on: C1 = 12.1 = 12 (kQ) 
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Since a high-frequency element appears in the LPF’s output because of the LPF’s own fre- 
quency characteristics, connect a capacitor C2 of a capacitance about 1/10 that of Ci in parallel 


with R2 to reduce spike noise. 


Operational Amplifier Standard Voltage: In figure 3-14, the three-state buffer applies 2.3 V 
when the CD signal is low, and 0.9 V when the CU signal is low. The operational amplifier 
charges C1 when the buffer outputs 2.3 V, and discharges it when the buffer outputs 0.9 V. 
Therefore, the value of Vin for the operational amplifier should be set to a value midway 
between VOH and VOL. Since the output voltage from the operational amplifier is the inverse 
of the input voltage, it may be a negative voltage. To cope with this, a clamp diode is con- 
nected to the operational amplifier’s output in this case. Diode D2 corrects phase shift. 


Vref 


D1 Z\ Clamp diode 





Figure 3-14 Charge Pump and LPF 


This completes the design of the PLL circuit. For a complete circuit diagram, see figure 8-4. 


Tr2 in the figure is an emitter follower which supplies clock pulses to external circuits. 
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Figures 3-15 and 3-16 show two more examples of PLL circuits. The circuit shown in figure 
3-15 can generate both 21-MHz and 14-MHz DOTCLK signals. The circuit shown in figure 
3-16 has less jitter than the circuit of figure 3-15 and generates a 30-MHz DOTCLK signal. 


Note the following suggestions for designing PLL circuits: 


¢ Isolate Vcc and GND of analog units from those of digital units. 
¢ Shorten the wires used for analog units to reduce noise. 
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Figure 3-16 PLL Circuit Example 2 
(Low-Jitter Type, Oscillation Frequency: 30 MHz) 
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3.4 Display Timing Signal Fine Adjustment 


When the display timing signal (DISPTMG) is supplied externally, a phase shift may appear 
between the CRT display data and the DISPTMG signal. This is because each signal has its 
own specific lag characteristics. The DISPTMG signal can be adjusted with the F3—FO pins of 
the LVIC or with its fine adjust register (R9) to correct the phase shift. 


Table 3-7 shows the relationship between the F3—FO pins, the fine adjust register, and the fine 
adjustment. In the table,—indicates advancing the DISPTMG signal phase, and + indicates 
delaying it. The F3 pin or data bit 3 of the fine adjust register selects the polarity. The adjust- 


ment reference point is the display start position. 


Table 3-7 Fine Adjustment with F3-F0 Pins or R9 





Pin: F3 F2 Fl FO 
R9 Bit: 3 2 1 0 Number of Adjustment Dots , 
0 0 0 0 0 } al On 0) 
0 0 1 —1 3 
1 1 0 —6 
l 1 1 —7 
1 0 0 0 0 
0 0 1 + 1 
] ] 0 + 6 
1 1 1 +7 
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— 


Figure 3-17 shows examples of adjusting the DISPTMG signal. In example (1), since the 
signal is two dots ahead of the display start position, either (F3, F2, F1, FO) or (R9 bits 3, 2, 1, 
0) should be set to (1, 0, 1, 0) to delay the signal two dots. In example (2), since the signal is 
two dots behind the display start position, the pins or bits should be set to (0, 0, 1, 0) to ad- 
vance the signal two dots. If there is no need to adjust the signal, a setting of either (0, 0, 0, 0) 
or (1, 0, 1, 0) will do. 


t 
+ Display start position 
1 


Invalid data i 
CRT display data 


DISPTMG before 
adjustment 


F3, F2, F1, A or 
aes bits 3, a , 0 of R9) 


DISPTMG after 
adjustment 


(1) Delaying the DISPTMG Signal 


i 
i Display start position 
Invalid data 


CRT display data Vhs, 


DISPTMG before 
adjustment 


cab F2, F1, or 
data bits 3, oo , 0 of R9) 


DISPTMG after 
adjustment . 


(2) Advancing the DISPTMG Signal 





Figure 3-17 DISPTMG Signal Adjustment 
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3.5 LCD Driving Signal Alternation 


Since the application of a DC voltage degrades liquid-crystal molecules, the LCD driving 
signals must be converted into AC voltages. The LVIC outputs the M signal which converts 
the LCD driving signals into AC voltages. There are two types of M signal alternation: frame 
alternation and line alternation. The alternation of LCD driving signals depends on that of the 


M signal. 
3.5.1 Frame Alternation and Line Alternation 


Figure 3-18 shows M signal timing. The M signal changes polarity (high or low) every frame 
in frame alternation and every line in line alternation. In line alternation, however, looking 
along a certain line shows that the M signal changes polarity every frame as well. That is, if 
the M signal is high in the first line of the first frame, it is low in the first line of the second 


frame. 


>] = Om BT @) 
1st frame 2nd frame 


1st line 3 
CL1 or CL3 ei 


FLM 
(first line 
marker) 


on an 


(1) Frame Alternation 


ist frame 2nd frame 
1stline 2nd line 


CL1 or CL3 


FLM 
(first line 
marker) 


M 


M = high 


(2) Line Alternation 





Figure 3-18 M Signal Timing 
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3.5.2 Alternation Type Selection 


The alternation type of the M signal is fixed when the LVIC is controlled by the pin program- 
ming method. The M signal alternates every frame in display modes 1-8, and every line in 
display modes 9-16. 


You can select the alternation type with the MC bit of control register 2 (R1) when the LVIC is 
controlled by the internal register programming method. Set 0 into the MC bit for frame 
alternation and set 1 for line alternation. 

3.6 Buffer Memory Selection 

An 8-, 32-, or 64-kbyte SRAM may be selected as buffer memory for the LVIC. The SRAM 
type is selected by the MS1 and MSO pins or the MS1 and MSO bits of control register 2 (R1). 


Table 3-8 shows memory selection settings and pin address assignments. | 


Refer to section 2.3.1, Memory Type and Memory Capacity Calculations, for details of how to 
calculate memory capacity. 


Table 3-8 Memory Selection and Address Pins Assignment 


Pins or Bits Address 

MS1 MSO Memory Address Pins Chip Select Pins Assignment 

0 0 No memory — —— ~~ 

(Through mode) 

0 1 8-kbyte MA0-MA12 | MCSO $0000-$1 FFF 
MSC1 $2000-$3FFF 
MAI13 $4000-—$5 FFF 
MA14 $6000-$7FFF 
MA15 $8000-$9FFF 

1 0 32-kbyte MAO0-MA14 = MCSO $00000-$07FFF 
MCS1 $08000-$0FFFF 
MA15 $10000—$17FFF 

1 1 64-kbyte MAO-MA15 — MCSO $00000-$0FFFF 
MCS1 $10000-$1 FFFF 

78 @ HITACHI \ 


Hitachi America Ltd. ¢ Hitachi Plaza ¢ 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 © (415) 589-8300 


Preliminary HD66840 


3.7 Display On/Off Control 


Display on means that the LVIC is outputting LCD data and display off means that the LVIC is 
not outputting LCD data. When the LVIC is controlled by the pin programming method, the 
turning on and off of an LCD cannot be controlled, and display is always fixed to on. This 
control can be provided by the DON bit of control register 2 (R1) when the LVIC is controlled 
by the internal register programming method. Display is on when DON = 1 and off when 
DON = 0. 


3.8 Video Signal Latch Timing Selection 
The latch timing of RGB signals is selected with the DOTE pin. Setting the pin low enables 
the LVIC to latch data at the rising edge of the dot clock (DOTCLK), while setting the pin high 


enables the LVIC to latch data at the falling edge of the DOTCLK signal. 


Figure 3-19 shows the timing for latching video signals. SECTION 


5 


DOTCLK 





Latches data 
X A X X KX KNX KX X X KX X X 
{\ f\ f\ f\ {\ f\ \ [\ {\ [\ (\ (\ f\ {\ 
XxX XR X X KF KX X X X X KX X 
{\ f\ f\ f\ [\ \ \ \ f\ f’ f\ /\ (\ f\ 
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(1) DOTE = low 


Latches data 
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(2) DOTE = high 





Figure 3-19 Data Latch Timing 
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3.9 Vertical Synchronization Polarity Selection 


The vertical synchronization signal (VS YNC) may be either active-high or active-low; the 
LVIC supports both cases. Set the SPS pin high when the VSYNC signal is active-high, and 
set the SPS pin low when it is active-low. 
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Section 4 Double-Height Display 


The LVIC provides double-height display which doubles the height of characters and pictures. 


This section explains the double-height display processing and how to use it. 


4.1 Double-Height Display Process 


In the TN-type LCD modes (display modes 1, 2, 4, and 6-8), the CL3 signal period is half that 
of the CL1 signal, as shown in figure 4-1. Consequently, if the CL3 signal is used instead of 
the CL1 signal as a line shift clock for the Y-drivers (scan drivers), two lines can be selected 
while the X-drivers (data output drivers) are outputting the same data, enabling the double- 
height display shown in figure 4-2. This double-height display function enables software 
intended for a CRT display of 640 x 200 dots to be displayed on an LCD of 640 x 400 dots. 





CL1 


CL3 
Biba see yy = 


Y-driver 


output 
(line scan / 


signals) / 


Figure 4-1 Relationship between CL1 and CL3 Signals 
in TN-Type LCD Modes 
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Normal display 


Double-height display 





Figure 4-2 Double-Height Display Example 


4.2 How To Use Double-Height Display 


The double-height display function is available only in the TN-type LCD modes (display 
modes 1, 2, 4, and 6-8); it is not available in the TFT-type LCD modes (display modes 3, 5, 
and 9-16). 


As shown in figure 4-3, connecting the CL3 signal instead of the CL1 signal as a line shift 
clock to the Y-drivers (scan drivers) enables double-height display. Note that this display 
requires the following procedure since the LVIC displays twice as many lines as the number of 
lines specified by the pins or the internal registers: 


1. Halve the LCD dot clock (LDOTCK) frequency calculated from the number of vertical 
displayed lines of the LCD panel. | 

2. Specify half number of vertical displayed lines of the LCD panel as the number of vertical 
displayed lines. (For instance, if the number of vertical displayed lines of the LCD panel is 
400, specify 200 by the YL2—YLO pins or the vertical displayed lines register.) 
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The relation between the LDOTCK frequency and the CRT display dot clock (DOTCLK) 
frequency in double-height display is the same as that in normal display. That is, fLDorck', 
which is the frequency of the LDOTCK signal obtained by step 1, should satisfy the condition 
expressed by equation 4-1, not that of equation 4-2. 


PEDOTCK <= IDOTCLK 9% 19) 1 O cacetas toc ccveelararecsccsntindendeceasecoreeedeeos (4-1) (right) 
{LDOTCK < fDOTCLK: 1/2 K UD 16 iecssecchsciieiinectebseicseeienieteieeieeeks (4-2) (wrong) 
fporcLK = DOTCLK signal frequency 
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Figure 4-3 Connections for Double-Height Display 


© HITACHI 83 
Hitachi America Ltd. ¢ Hitachi Plaza « 2000 Sierra Point Pkwy. © Brisbane, CA 94005-1819 (415) 589-8300 


HD66840 Preliminary 


Section 5 Buffer Memory Clear Function 


After it is reset, the LVIC writes Os into all the addresses of buffer memory specified by the 
MS1 and MSO pins or the MS1 and MSO bits of control register 2 (R1) (table 5-1), regardless 
of what RGB data is transferred. The LCD data output pins are set to low level at this time. 
When this process is compieted, the LVIC resiaris writing CRT display data into buffer | 
memory. This function is effective when the display timing signal (DISPTMG) is supplied 
externally and the CRT display screen size differs from the LCD screen size. 


When the CRT display screen size is 640 x 350 dots and the LCD screen size is 640 x 400 
dots, as shown in figure 5-1, the bottom 50 lines of data are usually undefined since SRAMs 
are used as buffer memory. However, the LVIC does not display undefined data since the 
bottom 50 lines of data are always 0 because of the action of the buffer memory clear function. 





This function is enabled by inputting the reset signal (RES) when the display screen size is 


changed. 


Table 5-1 MSI and MSO and Addresses after Memory Clear 


MS1 MSO Addresses 

0 0 — 

0 1 $0000-$9FFF 

1 0 $0000—$ 17 FFF 
1 1 $0000—$ 1 FFFF 


CRT display screen LCD screen 


HD66840 Set to 640 x 400 dots HD66840 
= LVIC a 
LVIC 





640 x 350 dots | | 
640 x 400 dots 


Buffer 
memory 





Figure 5-1 BuffegMemory Clear Function 
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Section 6 Display Mode Settings and Contents 


The LVIC supports the 16 display modes listed in table 6-1. They are selectable by the 
DM3-—DM60 pins. (Display mode can only be selected with these pins; internal registers cannot 
be used.) 


Display modes are characterized by display color, type of data transfer, screen configuration, 
the configuration of LCD drivers about the LCD screen, type of stripes (color data arrange- 
ment) in the 8-color display modes, and LCD driving signal alternation. Note that either type 
of LCD driving signal alternation can be selected when the LVIC is controlled by the internal 
register programming method, while the type is fixed as shown in table 6-1 in the pin program- 
ming method. (Refer to section 3.5, LCD Driving Signal Alternation, for details.) 


This section describes the display mode contents. 


Table 6-1 Display Modes 











SECTION 
Mode Pins Display Data Transfer Screen LCD Driver Positions 
No. DM3 DM2 DMI DMO Color Type Config. X-Drivers Y-Drivers Stripes Alternation 
1 0 0 0 0 Monochrome 4 bits Dual One side Oneside — Frame 3 
2 0 0 0 1 Single 
3 0 0 1 0 | Both sides 
4 0 0 1 1 8 bits One side 
5 0 1 0 0 Both sides 
6 0 1 0 1 8-level 4 bits Dual One side 
7 0 1 1 0 gray scale Single 
8 0 1 1 1 8 bits 
9 1 0 0 0 8-color 12 bits Vertical Line 
10 1 0 0 1 (4 bits each Both sides 
11 1 0 1 0 for R, G, and B) Both sides One side 
12 1 0 1 1 Both sides 
13 1 1 0 0 One side Oneside Horizontal 
14 1 1 0 1 Both sides 
15 1 1 1 0 Both sides One side 
6 1 1 1 1 Both sides 


Note: Display modes 3, 5, and 9-16 are for TFT type LCDs. 
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6-1 Display Colors 


There are three display color types: monochrome, 8-level gray scale, and 8-color. 
6.1.1 Monochrome Display (Display Modes 1 to 5) 


In the monochrome display mode, the LVIC displays two "colors", black (display on) and 
white (display off). As shown in figure 6-1, the LVIC writes an OR of the CRT RGB display 
data into the R-plane buffer memory, which means that G- and B-plane memories are not 


required in these modes. 
If memory is connected to the G- or B-plane, the LVIC writes G or B data to that memory. 
However, the connection of memory to the G- or B-plane does not affect the R-plane memory 


contents or display. 


Table 6-2 shows the correspondence between CRT display colors and LCD display. 


RDO-RD7 





Figure 6-1 Monochrome Display Mechanism 


Table 6-2 CRT and LCD Display Colors 


CRT Display Data LCD Display 

R G B CRT Display Color On/Off 

1 1 1 White On (Black) 
1 1 0 Yellow On (Black) 
0 l ] Cyan On (Black) 
0 1 0 Green On (Black) 
1 0 1 Magenta On (Black) 
1 0 0 Red On (Black) 
0 0 1 Blue On (Black) 
0 0 0 Black Off (White) 
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6.1.2 8-Level Gray Scale Display (Display Modes 6 to 8) 


In the 8-level gray scale display modes, the LVIC thins out LCD data in frame units according 
to the CRT display color. For instance, if the CRT display color is green, data for a certain 
pixel (cell) of the LCD will appear in only two frames (display on) out of one frame (display 
off in the third frame). In this manner, the LVIC changes the voltage ratio applied to a pixel 
according to the CRT display color to realize an 8-level gray scale display. Table 6-3 shows 
the correspondence between the CRT display color, the effective voltage ratio, and the result- 


ing LCD gray scale. 


Table 6-3 Correspondence between CRT Display Color, Effective Voltage Ratio, 





and LCD Gray Scale 
CRT Display Color Effective Voltage Ratio LCD Gray Scale 
White Vs 
Yellow 7/8 Vs + 1/8 Vns | 
Cyan 4/5 Vs + 1/5 Vns _ SECTION 
Green 2/3 Vs + 1/3 Vns 
Magenta 1/2 Vs + 1/2 Vns 3 
Red 1/3 Vs + 2/3 Vns — 
Blue 1/5 Vs + 4/5 Vns 
Black Vns 


Vs: Display-on level (selected level) 


Vns: Display-off level (non-selected level) 


In the 8-level gray scale display modes, the LVIC shifts the phase of display data so that the 
lines in which data is being thinned out is constantly changing frame-by-frame. This is to 
reduce flickering of the screen in these modes. For instance, if the LVIC is to display cyan on 
the whole screen, data will not appear on every (5n)th line from the top of the LCD panel (n = 
0, 1, 2, ...) in the frame just after reset and in the following frame. In the next frame, data will 
not appear on every (5n + 2)th line (n= 0, 1, 2, ...). See figure 6-2 for the LVIC operations in 
the subsequent frames. In this case, the LVIC thins out data every five lines in each frame. 
For a certain line, data will not appear in one frame of five frames (the area marked by dotted 


lines in figure 6-2). 
The other CRT display colors are handled in a similar way. 
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Figure 6-2 Phase Shift of Display Data (When the CRT Display Color is Cyan) 
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6.1.3 8-Color Display (Display Modes 9 to 16) 


In the 8-color display modes, the LVIC displays eight colors using red (R), green (G), and blue 
(B) filters placed on liquid-crystal cells. The eight colors are the same as those provided by the 
CRT display. For example, yellow and blue on the CRT display screen are also displayed as 
yellow and blue on the LCD screen. As shown in figure 6-3, the 8-color display has two stripe 
modes; a horizontal stripe mode and a vertical stripe mode. The LVIC arranges RGB data 


horizontally with horizontal filters in the former mode, and vertically with vertical filters in the 


latter mode. Three cells represent one dot in both modes. 






R 
G @eeeeeeeaeeae@eeoeneoeeeos 
B 





OD 
BOE! 








3 cell lines represent One cell line represents 
one dot line one dot line 







A 1 ‘ : : 
yt: R filter nd | C 
i i eee } 5 a ieee ; SECTION 
aly eee B filter , 
ye ee R | 
a i ’ t G . 
el 1 oo : B ; 
> ; : % ‘ / 









Horizontal Stripes (2) Vertical Stripes 





Figure 6-3 Stripes in 8-Color Display Modes 
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6.2 LCD System Configuration 


When an LCD system is configured, a screen configuration and a configuration of LCD drivers 


around the LCD screen must be selected. 


There are two types of screen configuration: single screen and dual screen. A single screen is 
composed of one panel and a dual screen is composed of an upper panel and a lower panel. 


A cheaper, more compact LCD system is configured with a single screen than with a dual 
screen. On the other hand, a dual screen exhibits a better display quality and can use lower 


voltage drive type LCD drivers than a single screen. 
6.2.2 LCD Driver Positioning 


LCD drivers can be classified into column drivers, which output display data, and row drivers, 
which scan lines of an LCD panel. Column drivers are set horizontally with respect to the 
LCD panel, while row drivers are set vertically with respect to the LCD panel. Since column 
drivers and row drivers are set parallel to the X-axis and Y-axis, respectively, they are called 
X-drivers and Y-drivers (figure 6-4). 


The LVIC’s operations depend on whether each group of X- and Y-drivers is set on one side of 


the LCD panel or on both sides. 





Output display data 


LCD panel 


Figure 6-4 XBuNGR arg Y-Drivers 
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X-Driver Positioning: Figure 6-5 shows the difference between configurations with X-drivers 
on one side and X-drivers on both sides. In the display modes for X-drivers on one side, the 
X-drivers output display data corresponding to a line from one direction, while in the display 
modes for X-drivers on both sides, the upper X-drivers and the lower X-drivers alternate in 
outputting display data. Consequently, the spacing between the LCD data output wires in these 
modes is wider than that in the display modes for X-drivers on one side. 


=. ne 
talc: Zee 


DOODODOOOD - DOOOOOOD -- 


LCD panel 
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Figure 6-5 X-Drivers on One Side and on Both Sides 
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Figure 6-6 shows the phase relationship between the CL2 signal and display data. In the 
display modes for X-drivers on one side, the X-drivers latch the data sent from the LVIC at the 
falling edge of the CL2 signal. In the display modes for X-drivers on both sides, the upper X- 
drivers latch the upper data sent from the LVIC at the rising edge of the CL2 signal, and lower 
X-drivers latch the lower data sentfrom the LVIC at the falling edge of CL2 signal. 


Display data 
(output by LVIC) 
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X-Drivers on One Side (Display Modes 1-10, 13, and 14) 
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Figure 6-6 Data Latch Timing of X-Drivers 
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Y-Driver Positioning: Figure 6-7 shows the difference between configurations with Y-drivers 
on one side and Y-drivers on both sides. In the display modes for Y-drivers on one side, the 
Y-drivers output line scan signals from one direction, while in the display modes for Y-drivers 
on both sides, the left Y-drivers and the right Y-drivers alternate in outputting line scan signals. 
Consequently, the spacing between the line scan signal output wires in these modes is wider 


than that in the display modes for Y-drivers on one side. 
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Figure 6-7 Y-Drivers on One Side and on Both Sides 
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Figure 6-8 shows the phase relationships between the CL1 or CL3 signal, the FLM signal, line 
scan signals, and display data in the display modes for Y-drivers on one side. In the TN-type 
LCD modes (normal display), the Y-drivers shift line scan signals at the falling edge of the 
CL1 signal, while in the TFT-type LCD modes, the Y-drivers shift line scan signals at the 
rising edge of the CL3 signal. | 
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Figure 6-8 Timing of Line Scan Signal Shift in Display Modes 
for Y-Drivers on One Side 
(Display Modes 1, 2, 4, 6-8, 9, 11, 13, and 15) 
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Figure 6-9 shows the phase relationships between the CL4 signal, the FLM signal, line scan 
signals, and display data in the display modes for Y-drivers on both sides. The left Y-drivers 
shift line scan signals at the falling edge of the CL4 signal, and the right Y-drivers shift them at 


its rising edge. Each line scan signal must output a high-level pulse for a two-line period. 


For the relationships between the CL1, CL3, and CL4 signals, refer to figures 7-3 to 7-5 in 
section 7.2.1, CL3 and CL4 Signal Output in Pin Programming Method. 
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Figure 6-9 Timing of Line Scan Signal Shift in Display Modes 
for Y-Drivers on Both Sides 
(Display Modes 3, 5, 10, 12, 14, and 16) 
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6.3 LCD Data Output and Display Screen 


The LCD data output type depends on the type of data transfer, screen configuration, and 
X-driver positioning. It also depends on the stripe mode in the 8-color display modes. The 
LVIC supports the following LCD data output types: 


¢ 4-bit transfer, dual screen, X-drivers on one side 

¢ 4-bit transfer, single screen, X-drivers on one side 

¢ 8-bit transfer, single screen, X-drivers on one side or on both sides 

¢ 4-bit transfer for each of R, G, and B, single screen, vertical stripes, X-drivers on one side 

¢ 4-bit transfer for each of R, G, and B, single screen, vertical stripes, X-drivers on both sides 
¢ 4-bit transfer for each of R, G, and B, single screen, horizontal stripes, X-drivers on one side 
¢ 4-bit transfer for each of R, G, and B, single screen, horizontal stripes, X-drivers on both 


sides 
LCD data output type does not depend on Y-driver positioning. 


The relationships between LCD data output types 1 to 7 and the corresponding display screens 
are described below. 


Table 6-4 lists several Hitachi LCD modules (LCM) and the corresponding display modes. 


Table 6-4 Hitachi LCMs and Display Modes 


Screen Size Data Transfer Type/ Display Reference Figures 
LCM (Dots) Screen Configuration ModeNos. System Display 
LM225S 640 x 200 4-bit/single 2,3,7 6-12 6-13 
LM250X 
LM236SB 640x200 © 4-bit/dual 1,6 6-10 6-11 
LM585S 
LM252X 640x400 4-bit/dual 1,6 6-10 6-11 
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6.3.1 4-Bit Transfer, Dual Screen, X-Drivers on One Side (Display Modes 1 and 6) 


Figure 6-10 shows the display system configuration for display modes 1 and 6. In these 
modes, the LCD panel is divided into upper and lower panels which are driven by upper panel 
X-drivers and lower panel X-drivers. Accordingly, the LVIC outputs upper panel data in 4-bit 
units to the upper panel X-drivers through the LUO-LU3 pins, and outputs lower panel data in 
4-bit units to the lower panel X-drivers through the LDO—-LD3 pins. 


Figure 6-11 shows the relationship between the display data output by the LVIC and the dis- 
play screen in display modes 1 and 6. The upper and lower panel X-drivers both latch display 
data at the falling edge of the CL2 signal. Having latched data for one line, the upper and 
lower X-drivers output it all at once to the LCD’s upper and lower panels at the falling edge of 


the CL1 signal. 
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Figure 6-10 Display System Configuration for Display Modes 1 and 6 


fuafue flor fivo five aie acurafcuo aus s]—— 


| ™~ 
1st dot 2nd dot 


LCD screen (upper screen) 


ros-[cbe-t[Lor-[ubo-fuba.z|loaz|corafiooauas[—— 


| ~N 
1stdot 2nddot 


LCD screen (lower screen) 





Figure 6-11 Data Output and Display Screen in Display Modes 1 and 6 
(4-Bit Transfer, Dual Screen, X-Drivers on One Side) 
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6.3.2 4-Bit Transfer, Single Screen, X-Drivers on One Side (Display Modes 2, 3, and 7) 


Figure 6-12 shows the display system configuration for display modes 2, 3, and 7. Although 
the Y-drivers are set on one side of the LCD panel in display modes 2 and 7, but on both sides 
in display mode 3, the LVIC outputs display data to the X-drivers in the same way in all these 


modes. The LVIC outputs display data in 4-bit units to the X-drivers through the LUQ-LU3 


ws bead » awans 


pins. 


Figure 6-13 shows the relationship between the display data output by the LVIC and the dis- 
play screen in display modes 2, 3, and 77. The display screen does not depend on how the 
Y-drivers are positioned. The X-drivers latch display data at the falling edge of the CL2 signal. 
Having latched the data for one line, the X-drivers output it all at once to the LCD panel at the 


falling edge of the CL1 signal. 
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Note: Y- drivers are positioned on one side in display modes 2 and 7 and on both 
sides in display mode 3. 
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Figure 6-13 Data Output and Display Screen in Display Modes 2, 3, and 7 
(4-Bit Transfer, Single Screen, X-Drivers on One Side) 
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6.3.3 8-Bit Transfer, Single Screen, X-Drivers on One Side (Display Modes 4, 5, and 8) 


Figure 6-14 shows the display system configuration for display modes 4, 5, and 8. Although 
the Y-drivers are set on one side of the LCD panel in display modes 4 and 8, but on both sides 
in display mode 5, the LVIC outputs display data to the X-drivers in the same way in all these 
modes. The LVIC outputs display data in 8-bit units to X-drivers through the LUO—LU3 and 
LDO—LD3 pins. 


A display system can also be configured for these modes by setting the X-drivers of a 4-bit 
data interface instead of an 8-bit data interface on both sides of the LCD panel. In this configu- 
ration, the LVIC outputs display data in 4-bit units to the upper X-drivers through the LU3, 
LU1, LD3, LD1 pins, and to the lower X-drivers through the LU2, LUO, LD2, LDO pins. In 
this case, the upper X-drivers are connected to odd-numbered dot cells of the LCD panel and 


the lower X-drivers are connected to even-numbered dot cells (figure 6-15). 


Figure 6-16 shows the relationship between the display data output by the LVIC and the dis- 


play screen in display modes 4, 5, and 8. The display screen does not depend on how the SECTION 
X- and Y-drivers are positioned. The X-drivers latch display data at the falling edge of the 
CL2 signal. Having latched the data for one line, the X-drivers output it all at once to the LCD | ’ 


panel at the falling edge of the CL1 signal. 
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Note: Y- drivers are positioned on one side in display modes 4 and 8 and on both 
sides in display mode 5. 





Figure 6-14 Display System Configuration 1 for Display Modes 4, 5 and 8 
(X-Drivers on One Side) 
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Figure 6-15 Display System Configuration 2 for Display Modes 4, 5, and 8 
(X-Drivers on Both Sides) 
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Figure 6-16 Data Output and Display Screen in Display Modes 4, 5, and 8 
(8-Bit Transfer, Single Screen, X-Drivers on One Side 
or Both Sides) 
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6.3.4 4-Bit Transfer for Each of R, G, and B, Single Screen, Vertical Stripes, 
X-Drivers on One Side (Display Modes 9 and 10) 


Figure 6-17 shows the display system configuration for display modes 9 and 10. Although 
Y-drivers are set on one side of the LCD panel in display mode 9, but on both sides in display 
mode 10, the LVIC outputs display data to the X-drivers in the same way in both of these 
modes. The X-drivers are divided into three output groups in these modes: R data only, G data 
only, and B data only. The LVIC outputs R data, G data, and B data in 4-bit units to the 
corresponding X-drivers through the R3—RO, G3-—G0, and B3—B0 pins. 


Figure 6-18 shows the relationship between the display data output by the LVIC and the dis- 
play screen in display modes 9 and 10. The display screen does not depend on how the 
Y-drivers are positioned. The LVIC reads data from buffer memory in the order shown in the 
figure, and outputs it to the X-drivers. The X-drivers latch display data at the falling edge of 
the CL2 signal. Having latched the data for one line, the X-drivers output it all at once to the 
LCD panel at the falling edge of the CL1 signal. 


SECTION 
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Note: Y- drivers are set on one side in display mode 9 and on both sides in 
display mode 10. 





Figure 6-17 Display System Configuration for Display Modes 9 and 10 
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Figure 6-18 Data Output and Display Screen in Display Modes 9 and 10 
(4-Bit Transfer for Each of R, G, and B, Single Screen, 


Vertical Stripes, X-Drivers on One Side) 
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6.3.5 4-Bit Transfer for Each of R, G, and B, Single Screen, Vertical Stripes, 
X-Drivers on Both Sides (Display Modes 11 and 12) 


Figure 6-19 shows the display system configuration for display modes 11 and 12. Although 
Y-drivers are set on one side of the LCD panel in display mode 11, but on both sides in dis- 
play mode 12, the LVIC outputs display data to the X-drivers in the same way in both of these 
modes. The upper and lower X-drivers are divided into three output groups in these modes: R 
data only, G data only, and B data only. The LVIC outputs R data, G data, and B data in 4-bit 
units to the corresponding X-drivers through the R3—RO, G3-GO, and B3—B0 pins. In this 
case, the upper X-drivers for outputting R data only and B data only and the lower X-drivers 
for outputting G data only are connected to odd-numbered dot cells of the LCD panel, while 
the lower X-drivers for outputting R data only and B data only and the upper X-drivers for 
outputting G data only are connected to even-numbered dot cells. 


Figure 6-20 shows the relationship between the display data output by the LVIC and the dis- 
play screen in display modes 11 and 12. The display screen does not depend on how the 

Y-drivers are positioned. The LVIC reads data from buffer memory in the order shown in the | SECTION 
figure, and outputs it to the upper and lower X-drivers. The upper X-drivers latch display data 
at the rising edge of the CL2 signal, and the lower X-drivers latch it at its falling edge. Having 3 | 
latched the data for one line, the upper and lower X-drivers output it all at once to the LCD - | 





panel at the falling edge of the CL1 signal. 
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Figure 6-19 Display System Configuration for Display Modes 11 and 12 
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Figure 6-20 Data Output and Display Screen in Display Modes 11 and 12 
(4-Bit Transfer for Each of R, G, and B, Single Screen, 
Vertical Stripes, X-Drivers on Both Sides) 
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6.3.6 4-Bit Transfer for Each of R, G, and B, Single Screen, Horizontal Stripes, 
X-Drivers on One Side (Display Modes 13 and 14) 


Figure 6-21 shows the display system configuration for display modes 13 and 14. Although 
Y-drivers are set on one side of the LCD panel in display mode 13, but on both sides in display 
mode 14, the LVIC outputs display data to the X-drivers in the same way in both of these 
modes. The LVIC outputs the RGB data in 4-bit units to the X-drivers through the RO-R3, 
GO—G3, and BO-B3 pins. 


Figure 6-22 shows the relationship between the display data output by the LVIC and the dis- 
play screen in display modes 13 and 14. The display screen does not depend on how the 
Y-drivers are positioned. The LVIC reads data from buffer memory in the order shown in the 
figure, and outputs it to the X-drivers. The X-drivers latch display data at the falling edge of 
the CL2 signal. Having latched the data for one dot line, the X-drivers output the R data, G 
data, and B data in that order to the LCD panel at each falling edge of the CL3 signal. 


SECTION 


35 
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Note: Y- drivers are positioned on one side in display mode 13 and on both sides 
in display mode 14. 





Figure 6-21 Display System Configuration for Display Modes 13 and 14 
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Figure 6-22 Data Output and Display Screen in Display Modes 13 and 14 
(4-Bit Transfer for Each of R, G, and B, Single Screen, 


Horizontal Stripes, X-Drivers on One side) | 
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6.3.7 4-Bit Transfer for Each of R, G, and B, Single Screen, Horizontal Stripes, 
X-Drivers on Both Sides (Display Modes 15 and 16) 


Figure 6-23 shows the display system configuration for display modes 15 and 16. Although 
Y-drivers are set on one side of the LCD panel in display mode 15, but on both sides in display 
mode 16, the LVIC outputs display data to the X-drivers in the same way in both of these 
modes. The LVIC outputs R, G, and B data in 4-bit units to the upper and lower X-drivers 
through the R3—RO, G3—G0, and B3—BO pins. In this case, the upper X-drivers are connected 
to the odd-numbered dot cells of the LCD panel, and the lower X-drivers are connected to the 


even-numbered dot cells. 


Figure 6-24 shows the relationship between the display data output by the LVIC and the dis- 
play screen in display modes 15 and 16. The display screen does not depend on how the 

_ Y-drivers are positioned. The LVIC reads data from buffer memory in the order shown in the 
figure, and outputs it to the upper and lower X-drivers. The upper X-drivers latch display data 
at the rising edge of the CL2 signal, and the lower X-drivers latch it at its falling edge. Having 
latched the data for one dot line, the upper and lower X-drivers output the R data, G data, and SECTION 
B data in that order to the LCD panel at each falling edge of the CL3 signal. 3 





HITACHI 
Hitachi America Ltd. ¢ Hitachi Plaza « 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 © (415) 589-8300 


107 





HD66840 Preliminary 


Upper X- drivers 


Output odd-numbered 
dot data 


LCD panel 


” 
J 
@ 
> 

= 

so) 
t 
> 

So 
® 
— 


Output even-numbered 
dot data 


Lower X- drivers 


Note: Y-drivers are positioned on one side in display mode 15 and on both sides in 
display mode 16. 





Figure 6-23 Display System Configuration for Display Modes 15 and 16 
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Figure 6-24 Data Output and Display Screen in Display Modes 15 and 16 
(4-Bit Transfer for Each of R, G, and B, Single Screen, 
Horizontal Stripes, X-Drivers on Both Sides) 
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Section 7 TFT-Type LCD Control 


The LVIC can control TFT (thin-film transistor)-type LCDs in addition to the current TN 
(twisted nematic)-type LCDs. Each pixel (cell) of a TFT-type LCD employs a transistor, 
which enables highly-improved contrast and high-quality display. Using a TFT-type LCD 


enables color display. 


The LVIC has ten display modes for TFT-type LCDs: display modes 3, 5, and 9 to 16. 
Display modes 3 and 5 are monochrome display modes; the others are 8-color display modes. 
The 8-color display modes are either vertical stripe modes (display modes 9 to 12) or horizon- 
tal stripe modes (display modes 13 to 16). For details of stripe modes, refer to section 6.1.3, 


8-Color Display. 


The control of TFT-type LCDs requires the CL3 and CL4 signals in addition to the signals 
necessary for controlling TN-type LCDs, as shown in table 7-1. The CL3 and CL4 signals 
and the setting of the internal registers to control TFT-type LCDs are described below. 


SECTION 


3) 





Table 7-1 LCD Control Signal Comparison 


TN-Type LCD Control Signals TFT-Type LCD Control Signals 
CL1, CL2, FLM, M CL1, CL2, CL3, CL4, 
FLM, M 


Note: Double-height display requires the CL3 signal, even in the TN-type LCD modes. 


7.1 CL3 and CL4 Signal Functions 


In the TFT-type LCD modes, the CL3 signal functions as a line shift clock or a color data 
select clock, while the CL4 signal acts as a line shift clock. The high-level pulse width of the 
CL3 signal controls the data hold time of the LCD cells. Section 7.1.1 describes the use of the 
CL3 and CL4 signals as a line shift'clock and a color data select clock, and section 7.1.2 
describes the function of the high-level pulse width of the CL3 signal. 


7.1.1 CL3 and CL4 Signals as Line Shift Clock and Color Data Select Clock 


~ The CL3 and CL4 signals’ functions depend on the display mode. Table 7-2 lists the clock 


functions by display mode (including the CL1 and CL2 signals). 
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Table 7-2. Clock Functions by Display Mode 


Display Mode 

1,2, 4, 6-8 

(TN-Type LCD, Normal 
Display) 

1,2, 4, 6-8 

(TN-Type LCD, Double- 
Height Display’) 

9,11 

(TFT-Type LCD, Vertical 
Stripes, Y-Drivers on One 
Side) 

3, 5, 10, 12? 

(TFT-Type LCD, Vertical 
Stripes, Y-Drivers on Both 
Sides) 

13, 15 

(TFT-Type LCD, Horizontal 
Stripes, Y-Drivers on One 
Side) 

14, 16 

(TFT-Type LCD, Horizontal 
Stripes, Y-Drivers on Both 
Sides) 


Notes: 


CL1 
Data latch 
Line shift 


Data latch 


Data latch 


Data latch 


Data latch 


Data latch 


Function 


CL2 
Data shift 


Data shift 


Data shift 


Data shift 


Data shift 


Data shift 


1. For details, refer to section 4, Double-Height Display. 


CL3 


Line shift 


Line shift 


—e 


Color data 
selection 
Line Shift 


Color data 
selection 


Reference 
CL4 Figure 
— 7-3 


Line shift 


— 7-5 


Line shift 


2. Although display modes 3 and 5 are monochrome display modes, they are classified as vertical stripe modes. 


The X- and Y-drivers operate in the TFT-type LCD modes as follows: 


In Display Modes 9 and 11 (Vertical Stripes, Y-Drivers on One Side): The X-drivers latch 
the data for one line, and output it to the LCD panel at the falling edge of the CL1 signal. The 
Y-drivers scan a line of the LCD panel while the X-drivers are outputting data. The Y-drivers 


shift the line scan signal at the rising edge of the CL3 signal. 
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In Display Modes 3, 5, 10, and 12 (Vertical Stripes, Y-Drivers on Both Sides): The 
X-drivers latch the data for one line, and output it to the LCD panel at the falling edge of the 
CL1 signal. The right and left Y-drivers alternate in scanning a line of the LCD panel while 
the X-drivers are outputting data. The left Y-drivers shift the line scan signal at the rising 
edge of the CL4 signal, and the right Y-drivers shift it at the falling edge. 


In Display Modes 13 and 15 (Horizontal Stripes, Y-Drivers on One Side): The X-drivers 
latch the data for one dot line (three cell lines) at the falling edge of the CL1 signal, and output 
the R data, G data, and B data in that order to the LCD panel at each falling edge of the CL3 
signal. The Y-drivers scan a line (cell line) of the LCD panel while the X-drivers are output- 
ting data. The Y-drivers shift the line (cell line) scan signal at the rising edge of the CL3 
signal. (See figures 6-3 and 7-5 for the relationships between dot lines and cell lines.) 


In Display Modes 14 and 16 (Horizontal Stripes, Y-Drivers on Both Sides): The X-drivers 
latch the data for one dot line (three cell lines) at the falling edge of the CL1 signal, and output 
the R data, G data, and B data in that order to the LCD panel at each falling edge of the CL3 
signal. The right and left Y-drivers alternate in scanning a line (cell line) of the LCD panel SECTION 
while the X-drivers are outputting data. The left Y-drivers shift the line (cell line) scan signal 

at the rising edge of the CL4 signal and the right Y-drivers shift it at the falling edge. (See 3 
figures 6-3 and 7-5 for the relationships between dot lines and cell lines.) 





Table 7-3 lists the connection of the CL1, CL2, CL3, and CLA signals to the X- and Y-drivers 
in each mode. 
Table 7-3 Clock and LCD Driver Connections by Display Mode 


CLI CL2 CL3 CL4 
Display Mode Connected to: 
1, 2, 4, 6-8 X- and Y-drivers X-drivers Open Open 
(TN-Type LCD, Normal 
Display) = 
1, 2, 4, 6-8 X-drivers X-drivers  Y-drivers Open 


(TN-Type LCD, Double- 

Height Display’) 

9,11 X-drivers X-drivers Y-drivers Open 
(TFT-Type LCD, Vertical 

Stripes, Y-Drivers on One 

Side) 
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Table 7-3 Clock and LCD Driver Connections by Display Mode (cont.) 


CL1 CL2 CL3 CL4 


Display Mode Connected to: 
3, 5, 10, 12? | X-drivers X-drivers Open Y-drivers 
(TET_Ty 


(TFIT-Type LCD, Vertical 

Stripes, Y-Drivers on Both 

Sides) 

13,15 X-drivers X-drivers X-and Y-drivers Open 
(TFT-Type LCD, Horizontal 

Stripes, Y-Drivers on One 

Side) 

14, 16 X-drivers X-drivers  X-drivers Y-drivers 
(TFT-Type LCD, Horizontal 

Stripes, Y-Drivers on Both 

Sides) 

Notes: 

1. For details, refer to section 4, Double-Height Display. 


2. Although display modes 3 and 5 are monochrome display modes, they are classified as vertical stripe modes. 


7.1.2 High-Level Pulse Width of CL3 Signal 


Figure 7-1 shows the structure of a TFT-type LCD. Since the panel has a large number of 
elements attached to each liquid-crystal cell, the load capacity of the gate and drain electrodes 
is large. This delays the rising and falling times of the drain voltage waveform. The drain 
voltage applied to the liquid-crystal cells must not change until the gates of lines that are not 
selected have been completely shut. The rising edge of the CL3 signal provides the Y-drivers 
with the timing necessary for shutting the gates. 


If the high-level pulse width of the CL3 signal is too short, liquid-crystal cells may latch the 
data for the next line (the shaded parts of figure 7-2). To solve this problem, the high-level 
pulse width of the CL3 signal must be increased to generate a data hold time. However, if 
the high-level pulse width of the CL3 signal is too big, the data write time is insufficient. 
Therefore, the high-level pulse width of the CL3 signal must be determined in consideration 
of both the data hold time and the data write time of the TFT-type LCD panel. 
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Figure 7-1 TFT-Type LCD Structure SECTION 
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Figure 7-2 CL3 Signal High-Level Pulse Width 


7.2 CL3 and CL4 Signal Output and Register Setting 


Both the pin and the internal register programming methods can be used to control TFT-type 
LCDs. There is no need to do anything particular with the pin programming method, since the 
display mode automatically determines the CL3 and CL4 signal output (period and high-level 
pulse width), However, parameters must be set in the CL3 pulse width register (R8) when 

the internal register programming method is used. Section 7.2.1 describes the CL3 and CL4 
signal outputs for different display modes for the pin programming method, and section 7.2.2 


describes the parameter setting in registers for the internal register programming method. 
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7.2.1 CL3 and CL4 Signal Output in Pin Programming Method 


Table 7-4 lists the CL3 signal outputs for different display modes with the pin programming 
method. As shown in the table, there are three classifications of CL3 signal period: the CL3 
signal period is 1/2, 1/3, or the same as the CL1 signal period. Each case is described below in 
turn. Since the CL4 signal changes at the rising edge of the CL3 signal, its period is always 
twice that of the CL3 signal. 


Table 7-4 CL3 Signal Output for Different Display Modes with Pin Programming 





Method 
CL3 Signal CLI Signal 
High-Level Reference 
Display Modes Period Al? Pulse Width!? Period B1: A/B Figure 
1,2,4,6-8 43 9 86 1/2 7-3 
(TN-Type LCD) 48 11 96 | 
3,5, 9-12 86 14 86 l 7-4 m=) 107 5 [0)\ 
(TET-Type LCD, 96 16 96 7 
Vertical Stripes) 3 
13-16 27 14 86 =13 7-5 
(TFT-Type LCD, 31 16 96 


Horizontal Stripes) 

Notes: 

1. The unit is one character (where one character consists of eight dots). 

2. The numbers on the upper row correspond to the configuration in which the number of horizontal characters is 


80 (640 dots), and the numbers on the lower row to that in which it is 90 (720 dots). 
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CL3 and CL4 Signal Output in TN-Type LCD Modes (Display Modes 1, 2, 4, and 6-8): 
Figure 7-3 shows the CL3 and CL4 signal output timing in the TN-type LCD modes. The CL3 
signal period is half the CL1 signal period in these modes. Normal display does not require the 
CL3 or CLA signal. However, double-height display is enabled when the CL3 signal is con- 
nected to the Y-drivers and is used as a line shift clock instead of the CL1 signal. For details 
of double-height display, refer to section 4, Double-Height Dispaly. 


r_- 


Display data xth-line data [_) (x+1)th-line data 


(X-drivers to LCD) 


sates oe a ee Ge S--7-i-- 
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Yx 
Line scan cone 
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Note : See table 7-4 for the specifications of the CL3 signal period and high- 
level pulse width. 





Figure 7-3 Timing of CL3 and CL4 Signal Output in TN-Type LCD Modes 
(Display Modes 1, 2, 4, and 6-8) 
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CL3 and CL4 Signal Output in TFT-Type LCD Modes with Vertical Stripes (Display 
Modes 3, 5, and 9-12): Figure 7-4 shows the CL3 and CL4 signal output timing in the TFT- 
type LCD modes with vertical stripes. The CL3 signal period is the same as the CLI signal 


period in these modes. 


In the modes for Y-drivers on one side, the CL1 signal is a data latch clock for the X-drivers 
and the CL3 signal is a line shift clock for the Y-drivers. The CL3 signal also controls the data 
hold time. The CL4 signal is not necessary. (Refer to tables 7-2 and 7-3.) 


In the modes for Y-drivers on both sides, the CL1 signal is a data latch clock for the X-drivers 
and the CL4 signal is a line shift clock for the Y-drivers. The high-level pulse width of the 
CL3 signal controls the data hold time, but it is not necessary to connect the CL3 signal to the 
drivers since the CL4 signal includes information for controlling the data hold time. (Refer to 
table 7-2 and 7-3.) 


SECTION 
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Note : See table 7-4 for the specifications of the CL3 signal period and high- 
level pulse width. 


Figure 7-4 Timing of CL3 and CL4 Signal Output in TFT-Type LCD Modes 
with Vertical Stripes (Display Modes 3, 5, and 9-12) 
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CL3 and CL4 Signal Output in TFT-Type LCD Modes with Horizontal Stripes (Display 


Modes 13-16): Figure 7-5 shows the CL3 and CL4 signal output timing in the TFT-type LCD 


modes with horizontal stripes. The CL3 signal period is a third of the CL] signal period in 


these modes. 


In the horizontal stripe modes, R, G, and B data is each arranged horizontally on the LCD 


panel and three cell lines represent one dot line. (For details of cell lines and dot lines, refer to 


section 6.1.3, 8-Color Display. Therefore, X-drivers output R, G, and B data in that order 


during one dot-line period. 


In the modes for Y-drivers on one side, the CL1 signal is a data latch clock for the X-drivers 
and the CL3 signal is both a color data select clock for the X-drivers and a cell line shift 
clock for the Y-drivers. The CL3 signal also controls data hold time. The CL4 signal is not 
necessary. (Refer to tables 7-2 and 7-3.) 


In the modes for Y-drivers on both sides, the CL1 signal is a data latch clock for the X-drivers 
and the CL3 signal is a color data select clock for the X-drivers; the CL3 signal also controls 
data hold time. The CL4 signal is a cell line shift clock for the Y-drivers. (Refer to tables 7-2 
and 7-3.) 
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Y-Drivers on Both Sides (Display Modes 14 and 16) 


Note : See table 7-4 for the specifications of the CL3 signal period and high-level pulse width. 


Figure 7-5 Timing of CL3 and CL4 Signal Output in TFT-Type LCD Modes 
with Horizontal Stripes (Display Modes 13-16) 
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7.2.2 Parameter Setting in Internal Register Programming Method 


The CL3 signal period must be specified in such a way that it maintains the correct relationship 
with the CL] signal in TFT-type LCD modes. The CL3 signal high-level pulse width must 
also be specified since different TFT-type LCD panels have different appropriate data hold 


times. This is because the load capacity of gate electrodes depends on panel size. 


Specify CL3 signal period with the CL3 period register (R5) and the CL3 signal high-level 
pulse width with the CL3 pulse width register (R8). 


As shown in table 7-5, the number of horizontal displayed characters (Nhd) automatically 
determines the CL3 signal period so the CL3 period register is invalid in display modes other 
than those for TFT-type LCDs with horizontal stripes, i.e., display modes 1 to 12. Therefore, 
there is no need to set a parameter in the CL3 period register in these modes. However, a 


parameter must be set in the CL3 pulse register in each mode. 





Table 7-5 CL3 Signal Output for Different Display Modes with Internal Register SECTION 

Programming Method 3 
CL3 Signal 

Display Mode Period High-Level Pulse Width 

1,6 Fixed to (Nhd + 6) Specified by CL3 pulse 

(TN-Type LCD, Dual Screen) width register 

2,4, 7, 8 Fixed to 1/2 (Nhd + 6) 

(TN-Type LCD, Single Screen) 

3, 5, 9-12 Fixed to (Nhd + 6) 

(TFT-Type LCD, Vertical Stripes) 

13-16 Specified by CL3 period 


(TFT-Type LCD, Horizontal Stripes) _ register 
Nhd: Number of horizontal displayed characters (number of horizontal displayed dots x 1/8) 
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CL3 Signal Period Setting: The CL3 signal period must be one third of the CL1 signal period 
in the display modes for TFT-type LCDs with horizontal stripes (display modes 13-16). 
Therefore, the value. to be written into the CL3 period register (R5) is (Nhd + 6) x 1/3 — 1, 
where Nhd is the number of horizontal displayed characters (number of horizontal displayed 
dots x 1/8). 


Table 7-6 shows the correspondences between the number of horizontal displayed characters, 
the CL3 signal period, and the value to be written into the CL3 period register (R5). 


Table 7-6 Number of Horizontal Displayed Characters and Value in CL3 Period Register 


No. of Horizontal CL3 Signal Period 

Displayed Characters (Character) Value in CL3 Period Register (R5) 
90 (720 dots) 52 31 —~> (11111) 

80 (640 dots) 28 or 29 27 ——> (11011) or 28 —>(11100) 
60 (480 dots) 22 21 —~> (10101) 

50 (400 dots) 18 or 19 17 ——> (10001) or 18 —>(10010) 


CL3 Signal High-Level Pulse Width Setting: The optimum value of the CL3 signal high- 
level pulse width, namely Npw (number of dots during the CL3 signal high-level pulse width 

x 1/8), is determined by the gate voltage waveform delay time as described 1n section 7.1.2, 
High-Level Pulse Width of CL3 Signal. The gate voltage waveform delay time depends on the 
LCD panel specifications. 


First find Npw from the specifications for the LCD panel, then set that parameter in the CL3 
pulse width register (R8). Write (Npw — 5) for the TFT-type LCD modes (display modes 3, 5, 
and 9-16), or Npw for the TN-type LCD modes (display modes 1, 2, 4, and 6-8). However, 
since the CL3 signal high-level pulse width is meaningless in the TN-type LCD modes, any 
value less than the CL3 signal period can be written. (Writing a value other than (Npw — 5) 
does not affect the LVIC’s operations as long as it is less than the CL3 signal period.) Refer to 
table 7-5 for the CL3 signal period used in the internal register programming method. 


When using the internal register programming method, always set a parameter in the CL3 pulse 
width register even if the display mode does not require the CL3 or CL4 signal. 
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Section 8 Application Circuits 
8.1 LVIC Installed in Personal Computer 
There are two configurations for installing an LVIC in a personal computer: 


¢ LVIC installed on the CRT display board. 
¢ LVIC installed independently on a extension board for LCD display. 


The installation of an LVIC on an extension board is described below. Table 8-1 lists the 


circuit specifications and figure 8-1 is a circuit diagram. 
8.1.1 Circuit Specifications 


Table 8-1 Circuit Specifications 1 





Item Specification SECTION 
Display Format Single screen, 8-level gray scale display (display mode 7) 
Display Screen Size 640 x 200 dots 3 
Clock Frequency fporcLk = 14.31818 MHz (system clock) 
fLDOTCK = 9.632 MHz 
Buffer Memory 32-kbyte memory x 3 (SRAM HM62256 x 3) 
Address Assignment LVIC address register: $3ED 
LVIC data register: $3EE 
LCD Interface 4 bits parallel x 1 
LCD Specifications LCD module LM250X (multiplexing duty ratio: 1/200) 
Bus Interface IBM-PC internal slot 
8086 (8088) bus interface 
CRT Display Interface RGB video signals: TTL level, positive logic 


HSYNC signal: TTL level, positive logic 
VSYNC signal: TTL level, positive logic 
fporcLk: CRT display dot clock (DOTCLK) frequency 
fiporck: LCD dot clock (L.DOTCK) frequency 
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8.1.2 Circuit Diagram 
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Figure 8-1 Circuit Example of LVIC Mounted on Extension-Slot Board 
(Suitable for CGA Board) 
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8.1.3 Circuit Description 


The circuit described here receives video signals (R, G, and B data), and HSYNC and VS YNC 
signals through the output connector of the CGA board, and generates LCD signals. Since the | 
display timing signal (DISPTMG) is not supplied, this circuit generates the signal internally 
from the parameters set in the VIC internal registers by the MPU. The I/O decoder shown in 
the diagram generates the CS and RS signals. The LVIC address register is assigned to I/O 
port $3ED and the data register is assigned to $3EE. The LVIC internal registers can be read 


from and written to directly through the I/O port. 


Figure 8-2 shows a program for initializing this circuit. Saving the auto-exec batch file shown 
in figure 8-3 in the same directory as the system program enables automatic LVIC initialization 
after power-on. Note, however, that the display on the screen will be random for several 
seconds after power-on since the data in the internal registers is undefined for a short period. 
In addition, this board cannot be used at the same time as another extension board or software 
which addresses I/O port $3ED or $3EE. In such a case, the I/O addresses must be changed. 


If a ROM is used instead of an MPU to set parameters in the internal registers, set the parame- 
ters shown in table 8-4 into the ROM. This enables the circuit to be initialized immediately 
after power-on, avoiding the problem of display flickering. It also enables control of the board 


independently of the system software and hardware. 
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CODE_SET SEGMENT 
ASSUME  CS:CODE_SET,DS:CODE_SET,SS:STACK_SET 
ORG 0100H 

INIT: 
mov dx,3edh 
mov ax,0200h 
out dx,ax ‘Generate DISPTMG signal and supply DOTCLK 
mov ax,060Ih signal supplied 
out dx,ax ‘Set display on, uSe 32-kbyte memories 
mov ax,0c02h 
out dx,ax 
mov ax,0703h 
out dx,ax ‘Number of vertical displayed lines = 200 
mov ax,0104h 
out dx,ax 
mov ax,0b05h 
out dx,ax ;CL3 signal period = 27 characters’ 
mov ax,0206h 
Out dx,ax 
mov ax,0707h 
out dx,ax ‘Number of horizontal displayed characters = 80 
mov ax,0408h 
out dx,ax ;CL3 signal high-level pulse width = 4 characters? SECTION 


mov ax,0009h 
out dx,ax ‘Invalid 3 
mov ax,0b0ah 
out dx,ax 
mov ax,050bh 
out dx,ax ;PLL frequency-division ratio = 912' 
mov ax,020ch 
out dx,ax 
mov ax,040dh 
out dx,ax ;Vertical back porch = 37 lines 
mov ax,Ob0eh 
out dx,ax 
mov ax,000fh 
out dx,ax ‘Horizontal back porch = 177 dots 
mov ah,4ch 
int 21h 
CODE_SET ENDS 
STACK_SET SEGMENT 
DB ? 
STACK_SET ENDS 
END INIT 





Notes: 

1. This circuit example ignores these values. Any value can be set. 

2. Although this circuit example does not use the function controlled by this register, it does not ignore the value 
set in it, so this value is necessary. 


Figure 8-2 Initialization Program 
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ECHO OFF 
INIT 


ECHO ON 
DATE 
TIME 





Figure 8-3 Auto-Exec Batch File 
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8.2 LVIC Installed Outside Personal Computer (Dot Clock Generated) 
This section describes a circuit in which the LVIC is installed outside a personal computer and 
the LVIC generates its dot clock (DOTCLK) internally. This circuit is suitable for use with 


the IBM-PC EGA board. Table 8-2 lists the circuit specifications and figure 8-4 is a circuit 
diagram. 


8.2.1 Circuit Specifications 


Table 8-2 Circuit Specifications 2 


Item Specification 
Display Format Dual screen, monochrome or 8-level gray scale display 
Display Screen Size 640 x 400 dots 
Clock Frequency fpoTcLk = 16.257 MHz (generated by PLL circuit) 
fLDoTCK = 16.257 MHz (identical to DOTCLK) , 
Buffer Memory 32-kbyte memory x 3 (SRAM HM62256 x 3) SECTION 
LCD Interface 4 bits parallel x 2 (drives dual screen) 
LCD Specifications LCD module LM252X (multiplexing duty ratio: 1/200) 3 


PLL Circuit Specifications Oscillation frequency range: 11 MHz to 17 MHz 





Pull-in time: less than or equal to 10 ms 

Dot clock jitter quantity: less than or equal to 1/4 clock 
CRT Display Interface RGB video signals: TTL level, positive logic 

HSYNC signal: TTL level, positive logic 

VSYNC signal: TTL level, negative logic 
fporc.x: CRT display dot clock (DOTCLK) frequency 
fivorcx: LCD dot clock (LDOTCK) frequency 
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8.2.2 Circuit Diagram 
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Figure 8-4 CRT Plug-Compatible Circuit Example 1 
(Suitable for EGA Board) 


© HITACHI 
Hitachi America Ltd. © Hitachi Plaza ¢ 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 e (415) 589-8300 





130 





Preliminary HD66840 


G) @ 


0 VSYNC 
© HSYNC 









nln g s oO 
: OweEgG auc se 
icmae >> 
2 wo nn! 
QQ os 
3 
Do 
1 LDOTCK of | 
2 LSO4 
3 CL4 
MAO CL3 
1 
; ieee eA S} = On BO) 
3 FLM a 
4 ‘Ve ere) 
5 LVIC ie, eases 
6 iy ee 
= 
: a HC245 
10 ee oe 0 CL2 
12 a tel O FLM 
13 OM 
14 © LUO 
1 
MCSO 2 
ae 3 
MWE 


Be Ne eee Gee net ee ee vn a ena ° 2 


; TTD /=. 
OT 2? LF 
@ HITACHI 131 


Hitachi America Ltd. ¢ Hitachi Plaza ¢ 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 © (415) 589-8300 





HD66840 Preliminary 


8.2.3 Circuit Description 


Figure 8-5 is the block diagram of this circuit. The circuit is composed of the LVIC, a buffer 
memory, a PLL circuit, an output buffer, anda ROM. The ROM is used for setting parameters 
in the LVIC’s internal registers. The parameters to be set in the ROM when an EGA-compat- 
ible board (EGA master) is used are listed in table 8-5. Since the vertical and horizontal back 
porches may differ in various compatible boards, these values should be measured. Specify 
400 lines as the number of vertical displayed lines, even if the CRT’s display screen size is 
640 x 350 dots. This is because the screen is displayed on an LCD panel of 640 x 400 dots. In 
this case, the frame frequency (FLM signal frequency) is 59 Hz. 


The dot clock (DOTCLK) is not included among the standard video interface signals, and the 
EGA board does not supply the DOTCLK signal either. Therefore, the analog PLL circuit in 
this circuit, which is composed of the LVIC internal programmable counter, the phase com- 
parator, and other external circuits, generates the DOTCLK signal. Since instability of the 
oscillation frequency or the phase of the PLL circuit could cause LCD screen distortion, take 
extra care to reduce noise in the PLL circuit and its power-supplying wires when designing the 
Circuit. (For more details, refer to section 3.3.2, PLL Circuit Design.) 


Since the EGA board supports the same screen size as a CGA board (640 x 200 dots), the 
LVIC pins or registers must be reset when software for controlling a screen size of 640 x 200 
dots is used. Switching SW1 to change the ROM addresses enables CGA support. In this case, 
change the LCD dot clock (L.DOTCK) frequency. When displaying a screen of 640 x 200 dots 
on an LCD panel of 640 x 400 dots, use the double-height display. Use the CL3 signal instead 
of the CL1 signal as a shift clock for the LCD module’s Y-drivers. (Refer to section 4, 
Double-Height Display, for details.) 
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Figure 8-5 CRT Plug-Compatible Board Block Diagram 
(Suitable for EGA Board) 
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8.3 LVIC Installed Outside Personal Computer (Dot Clock Supplied) 


This section describes a circuit in which the LVIC 1s installed outside a personal computer, 
with the dot clock (DOTCLK) supplied externally. In the specific example given below, the 
~PC-9801 supplies the DOTCLK signal as one of the CRT display interface signals. Table 8-3 

lists the circuit specifications and figure 8-6 is a circuit diagram. | 
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8.3.1 Circuit Specifications 


Table 8-3 Circuit Specifications 3 


Item Specification 
Display Format Dual screen, monochrome or 8- level gray scale display 
Display Screen Size 640 x 400 dots 
Clock Freauency fpoTcLK = 21.0526 MHz (system clock) 
fLpoTck = 19.264 MHz 
Buffer Memory 32-kbyte memory x 3 (SRAM HM62256 x 3) 
LCD Interface 4 bits parallel x 2 (drives dual screen) 
LCD Specifications LCD module LM252X (multiplexing duty ratio: 1/200) 
CRT Display Interface RGB video signals: TTL level, positive logic 


HSYNC signal: TTL level, negative logic 

VSYNC signal: TTL level, negative logic 

Dot clock: TTL level _ 
foorc.x: CRT display dot clock (DOTCLK) frequency ) =i ON TO) \\ 
fiporcx: LCD dot clock (L.DOTCK) frequency | % 
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8.3.2 Circuit Diagram 
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Figure 8-6 CRT Plug-Compatible Circuit Example 2 
(Suitable for PC-9801 Board) 
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8.3.3 Circuit Description 


The circuit given here is almost the same as the circuit for the EGA board shown in figure 8-4, 
except for the following two points: this circuit receives the dot clock (DOTCLK) from the 
system whereas that for the EGA board generates it internally, and the LCD dot clock 
(LDOTCK) differs from the DOTCLK signal in this circuit. However, the vertical and the 
horizontal back porches are different. Refer to table 8-6 in section 8.4, Values in Internal 
Registers for Different CRT Display Systems, for details. 


8.4 Values in Internal Registers for Different CRT Display Systems 


When the LVIC is controlled by the internal register programming method, parameters are set 
in the internal registers. Parameters must always be set in control registers 1 and 2, the hori- 
zontal displayed characters register, and the vertical displayed lines register. The setting of 
parameters in the other registers depends on which CRT display system is used. (Refer to 
section 1.6.2, Validation and Invalidation of Internal Registers, for details of when registers 
are valid or invalid.) 


Tables 8-4 to 8-8 list the values to be set in the internal registers for major CRT display 
systems. 


Table 8-4 Values in Internal Registers for CGA (640 x 200 Dots) 


Reg. No. —- Value Contents 
RO //10 DISPTMG signal generated 
Rl 0110 Display on, 32-kbyte memories used 
R2 1100 Number of vertical displayed lines: 200 
R3 0111 
R4 0001 CL3 signal period: 27 characters 
R5 1011 
R6 0010 Number of horizontal displayed characters: 80 
R7 0111 
R8 0100 CL3 signal high-level pulse width: 4 characters 
R9 2 Don’t care 
R10 fe Se Don’t care 
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Table 8-4 Values in Internal Registers for CGA (640 x 200 Dots) (cont.) 


Reg. No. Value 


R12 
R13 
R14 
R15 


0010 
0100 
1011 


0000 


Note: SPS = high 


Contents 
Vertical back porch: 37 lines®*° 


Horizontal back porch: 177 dots 


Table 8-5 Values in Internal Registers for EGA (640 x 350 Dots, EGA Master) 


Reg. No. Value 


RO Pf td 
Rl 0110 
R2 1000 
R3 1111 
R4 0101 
RS 1011 
R6 0010 
R7 0111 
RS 0100 
R9 kx kK kK 
R10 0000 
R11 1101 
R12 0001 
R13 1111 
R14 0110 
R15 1011 
Note: SPS = low 


Contents 

DISPTMG and DOTCLK signals generated 
Display on, 32-kbyte memories used 

Number of vertical displayed lines: 400 

CL3 signal period: 27 characters 

Number of horizontal displayed characters: 80 
CL3 signal high-level pulse width: 4 characters 
Don’t care 

PLL frequency-division ratio: 744 


Vertical back porch: 32 lines“ 


Horizontal back porch: 108 dots 
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Table 8-6 Values in Internal Registers for PC-9801 (640 x 400 Dots) 


Reg. No. Value Contents : 

RO //10 _ DISPTMG signal generated 

Rl 0110 Display on, 32-kbyte memories used 

R2 | 1000 _ Number of vertical displayed lines: 400 
R3 | ie 


Table 8-6 Values in Internal Registers for PC-9801 (640 x 400 Dots) (cont.) 


Reg. No. Value Contents | 
R4 0101 CL3 signal period: 27 characters 
R5 1011 : 
R6 _ 0010 Number of horizontal displayed characters: 80 
R7 0111 : 
R8 0100 CL3 signal high-level pulse width: 4 characters 
R9 eee Don’t care 
R10 pier ia Don’t care 
Rll xk OK x 
R12 0001 Vertical back porch: 32 lines S) 
R13 1111 
R14 0101 Horizontal back porch: 85 dots 
R15 0100 
Note: SPS = low 
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Table 8-7 Values in Internal Registers for PC-9801 (640 x 200 Dots) 


Reg. No. Value Contents 

RO //10 DISPTMG signal generated 

Rl 0110 Display on, 32-kbyte memories used 

R2 1100 Number of vertical displayed lines: 200 

R3 0111 

R4 0001 CL3 signal period: 27 characters 

R5 1011 

R6 0010 Number of horizontal displayed characters: 80 

R7 0111 

R8 0100 CL3 signal high-level pulse width: 4 characters 

R9 eae Don’t care 

R10 ae ee Don’t care 

R12 010 Vertical back porch: 36 lines %*° 

R13 0011 SECTION 
R14 1000 Horizontal back porch: 133 dots 

R15 0100 3 
Note: SPS = low 
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Table 8-8 Values in Internal Registers for VGA (640 x 480 Dots) 


Reg. No. 
RO 
Rl 
R2 
R3 
R4 
R5 
R6 
R7 
R8 
R9 
R10 
R11 
R12 
R13 
R14 
R15 
Notes: 


1. SPS = low 


Value 


/ / 
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Contents 

DISPTMG and DOTCLK signals generated 
Display on, 32-kbyte memories used 

Number of verticai dispiayed lines: 480 

CL3 signal period: 27 characters 

Number of horizontal displayed characters: 80 
CL3 signal high-level pulse width: 4 characters 
Don’t care 

PLL frequency-division ratio: 800 


Vertical back porch: 32 lines ! 


Horizontal back porch: 144 dots? 


2. This value is the number of dots betwecn the rising edge of the HSYNC signal and that of the DISPTMG signal 


after the HSYNC signal has been inverted by an inverter to be active-high. 
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Section 9 Additional Functions and External Circuits 


This section describes some additional functions provided by the LVIC, and how to use these 


functions. 
9.1 Centering Display Vertically (With External Circuit) 


If the vertical size of a CRT display is less than that of an LCD panel but nothing is done to 
correct the positioning, the display will begin at the top of the panel, resulting in a blank space 


at the bottom. The frame frequency (FLM signal frequency) 1s also reduced. 


It is easy to center the display vertically, without using an external circuit, by adjusting the 
vertical back porch. This method, however, is effective only when the number of HS YNC 
signal pulses during the vertical retrace period is more than the difference between the number 
of vertical displayed lines of the LCD and that of the CRT display. In addition, this method 
cannot prevent the reduction in frame frequency. SECTION 


Adding the centering circuit shown in figure 9-1 can center the display as shown in figure 9-3, ’ 
even if the number of HSYNC signal pulses during the vertical retrace period is less than the 
difference between the number of vertical displayed lines of the LCD and that of the CRT 





display. This method can also prevent the reduction in frame frequency. 


Refer to section 9.2, Centering Display Horizontally, for details of how to center the display 


horizontally. 
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Figure 9-1 Centering Circuit 
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Personal computer 


Screen Size (Dots) 









640 x 200 
640 x 350 
640 X 400 





Y 400/480 
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Figure 9-2 System Configuration Incorporating Centering Circuit 
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When LCD screen size is 640 X 400 dots: 


LCDM:640 X 400 Dots 


X-drivers 


LUO-LU3 
Display data LDO-LD3. 


XCL1 





SECTION 


Centering When LCD screen size is 640 X 480 dots: 
circuit 


3 


LCDM:640 X 400 Dots 





X-drivers 


Upper screen 


Y-drivers 


Lower screen 


Y-drivers 
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LCD Resolution (Dots) 


7 


ee ft _ i 400 480 
640 x 200 400 


Double-height display used Double-height display ¢ 


Shee (Dots) 640 x 480 





640 x 400 





640 x 350 


640 x 400 


640 x 480 





Note: “Hy indicates blank areas. 


Figure 9-3 Centering Display 
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9.1.1 Operation 


Figure 9-4 is a conceptual diagram illustrating how the centering circuit shown in figure 9-1 
operates. As shown in the figure, the LVIC outputs the same number of high-speed CL1 signal 
pulses to the Y-drivers as the number of specified during the retrace period of one CRT display 
line. This shifts the display start position. In this case, the data for the retrace period is 


scanned so rapidly that the contrast 1s very low. 


If the CRT display screen’s size is 640 x 200 dots, double-height display is used in parallel. 


VSYNC HSYNC 
640 x 400 


High-speed 
scanning 


350 350 Normal 
lines lines scanning 


SECTION 


High-speed 
scanning 


35 





LCD 


Note : In high-speed scanning, a CL1 signal with a frequency of about a hundred times that of the 
normal CL1 signal is used to rapidly shift the lines being selected . 





Figure 9-4 Conceptual Diagram of Centering Operation 
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9.1.2 Values in Internal Registers 

Table 9-1 lists the values to be set in the internal registers for different CRT display screen 
sizes and LCD screen sizes when display centering is used. Refer to tables 8-4 to 8-8 for other 
values. 


Table 9-1 Values in Internal Registers for Centering Display 


Value in: 


LCD Resolution CRT Display Vertical Displayed Vertical Back 
(Dots) Resolution (Dots) Lines Register Porch Register 
640 x 400 640 x 200%) Normal value (= 199) Normal value 
640 x 350 Normal value + 2 (= 351) Normal value — 1 
640 x 400 Normal value (= 399) Normal value 
640 x 480 640 x 200%) Normal value + 2(=201) Normal value — 1 
640 x 350 Normal value + 2 (= 351) Normal value - 1 
640 x 400 Normal value + 2 (= 401) Normal value — 1 
640 x 480 Normal value (= 479) Normal value 


Normal value: Value in the internal registers when display is not centered 


Note: Double-height display used 
9.1.3 Centering Circuit 


Figure 9-5 is the block diagram of a centering circuit. The line counter counts the number of 
displayed lines and is reset by the FLM signal. Comparators 1 and 2 compare the signal output 
from this counter with outputs © and @, respectively. 


The signal output from comparator 1 goes high at the first display line, which activates the 
FCL1 counter and makes the FCL1 generator output a signal through the AND gate. When the 
signal output from the FCL1 counter matches output ®, comparator 3 outputs a low-level pulse 
which stops the FCL1 counter. This fixes the output signal from comparator 3 low and stops 
the FCL1 signal. Comparator 1 then outputs a low-level pulse to reset the FCL1 counter. The 
logical AND of the FCL1 signal and comparator 1’s signal output through the AND gate 
generates the CL1 signal for scanning the upper lines at high-speed. 
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Next, the signal output from comparator 2 goes high at the specified line which activates the 
FCL1 counter. To generate the high-speed CL1 signal for the lower lines, the centering circuit 
subsequently operates in the same way as when it is generating the high-speed CL1 signal for 


the upper lines. 


Line 
counter 


CL2 
X'tal (16. 257MH 
YLO 5 an z} 
YL1 Decoder |-@) 4 Divide- r 
Y400/Y480 @) 3 os LDOTCK 
counter D 2 


Note : All bits of © are 0. The values of @ to @ are given in table 9-2. 


SECTION 


35 





Figure 9-5 Centering Circuit Block Diagram 
Table 9-2 Values @ — @ of Centering Circuit 


LCD Panel Display Screen Value of 


Size (Dots) Size (Dots) @ @ ® 
640 x 400 640 x 200 Don't care Don't care 
(Output of Comparator 2 fixed low) 
640 x 350 10101111 00100100 00000101 
640 x 400 — - Don't care Don't care 
(Output of comparator 2 Fixed low) 
640 x 480 640 x 200 01100100 00111001 00000011 
640 x 350 10101111 01100100 00000001 
640 x 400 11001000 00111001 00000011 
640 x 480 ~ Don'tcare Don't care 


(Output of comparator 2 Fixed low) 
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Figure 9-6 is the timing chart of the operations described above. 


Table 9-3 lists the frequencies of the LCD frame (FLM signal) and other signals in this circuit. 
Change the LCD dot clock (L.DOTCK) frequency when changing the frame frequency. 


dew : 3 

$3 5 §& 5 5 ££ 

~ © O Co o 

a os « o> od 
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Figure 9-6 High-Speed CL1 Signal Output Timing 


; @ HITACHI 
a: Hitachi America Ltd. ¢ Hitachi Plaza e 2000 Sierra Point Pkwy. Brisbane, CA 94005-1819 © (415) 589-8300 


Preliminary HD66840 


Table 9-3 LCD Signal Specifications 


LCD CRT Display Multi- 
Resolution Resolution fporcLtk fi_porcK fcLi1 fucLti  plexing frim fLpoTCK 
(Dots) (Dots) (MHz) (MHz) (kHz) (kHz) Duty Ratio (Hz) fuc1i 
640 x 400 640 x 200 14.318 8.129 61 — 1/200 61 — 

640 x 350 16.257 16.257 12.2 339 1/176 69 48 

640 x 400 16.257 16.257. 12.2 0 — 1/200 61 — 
640 x 480 640 x 200 14.318 8.129 6.1 254 1/202 60 32 

640 x 350 16.257 16.257. 12.2 1020 1/176 69 —«i16 

640 x 400 16.257 16.257 12.2 508 1/201 61 32 

640 x 480 25.0 20.32. 15.3 — 1/240 64. — 


foorc.k: CRT display dot clock (DOTCLK) frequency 
fiporcx: LCD dot clock (LDOTCK) frequency 

fori: CL1 signal frequency 

fiicui: High-speed CL1 signal frequency 

frm: LCD frame frequency (FLM signal frequency) | bo] =f On TO)" 


9.2 Centering Display Horizontally (Without External Circuit) 3 





Adjusting the horizontal back porch value (in the horizontal back porch register (R14 and R15)) 


enables horizontal centering of a display without an external circuit. 


For example, to display a CRT screen of 480 x 200 dots at the center of an LCD panel of 

640 x 200 dots, subtract 80 from the normal horizontal back porch value to advance the phase 
of the display timing signal (DISPTMG) by 80 dots (figure 9-7). Specify 60 characters 

(480 dots) instead of 80 characters (640 dots) as the number of horizontal displayed characters 


in this case. 


Note that horizontal centering is available only when the CRT retrace period is larger than the 
difference between the horizontal sizes (dots) of the LCD panel and CRT screen. This means, 
for example, that the retrace period must be at least 160 dots to display a CRT screen of 

480 x 200 dots at the center of an LCD panel of 640 x 200 dots. 
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Figure 9-7 Centering Display Horizontally 
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9.3 Changing Display Screen Size on the Same LCD Panel 
(Without External Circuit) 


There are two methods of displaying a CRT screen that is smaller than the LCD panel being 
used. One is to display the screen at the center of the LCD panel as described in section 9.1, 
Centering Display Vertically, and section 9.2, Centering Display Horizontally. The other is to 
display the screen in the top or left part of the LCD panel without any centering. This latter 
method does not require an external circuit; all that is required is to change the setting of the 


LVIC’s pins or internal registers to specify the screen size. 


This section describes how to display CRT screens of different sizes on an LCD panel of 
640 x 400 dots or 640 x 200 dots. 


9.3.1 Changing Display Screen Size on an LCD Panel of 640 x 400 Dots 


Displaying a CRT Screen of 640 x 350 Dots: To change a CRT display screen size of 

640 x 400 dots to one of 640 x 350 dots, set the LVIC’s pins or internal registers to 640 x 400 
dots if the LCD panel has a dual screen configuration. Data corresponding to the bottom 50 
lines of the panel may or may not be displayed, as follows: 


¢ If the display timing signal (DISPTMG) is internally generated, the data for the retrace 
period of the screen of 640 x 400 dots is displayed. 

¢ If the DISPTMG signal is externally supplied (and the memory clear function is used), no 
data is displayed. 

¢ If the DISPTMG signal is externally supplied (and the memory clear function is not used): 
The data for the bottom 50 lines of the previous display screen (screen of 640 x 400 dots) is 
displayed. 


If the LCD panel has a single screen configuration, a setting of either 640 x 400 dots or 
640 x 350 dots is acceptable. If 640 x 350 dots is set, no data is displayed on the bottom 50 
lines of the LCD panel. If 640 x 400 dots is set, the above conditions are valid. 
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Displaying a CRT Screen of 640 x 200 Dots: There are two methods of changing a CRT 
screen size of 640 x 400 dots into one of 640 x 200 dots. One is to use double-height display. 
Refer to section 4.2, How to Use Double-Height Display, for details. The other is to change 
the setting of the LVIC’s pins or internal registers from 640 x 400 dots to 640 x 200 dots after 
selecting a display mode for single screen configuration with the DM3—DM60 pins, regardless 
of the actual LCD panel configuration. In this case, the correct screen appears on the top 200 
lines of the LCD panel, but G data is displayed on the bottom 200 lines. Note that display is 
disabled if the LVIC setting is left at 640 x 400 dots, since the frequency of the LCD dot clock 
(LDOTCK) will be higher than that of the CRT display dot clock (DOTCLK). 


9.3.2 Changing Display Screen Size on an LCD Panel of 640 x 200 Dots 


It is not necessary to change the LVIC setting of 640 x 200 dots when changing a CRT screen 
size of 640 x 200 dots to one of 320 x 200 dots. However, this is possible only when the 
display timing signal (DISPTMG) is generated inside the LVIC and when the retrace period of 
the 640 x 200 dot CRT screen is at least 320 dots. The correct screen appears on the left half 
of the LCD panel in this case. Correct display is not possible when the retrace period is less 
than 320 dots or when the DISPTMG signal is externally supplied, since data does not appear 
in the correct position. If the LVIC setting is changed to 320 x 200 dots, the correct screen 
appears on the left half of the LCD panel, but undefined data appears on the right half of the 
LCD panel. 


To display a CRT screen of 320 x 200 dots on an LCD panel of 640 x 200 dots, the horizontal 
dimension can be doubled. Double the frequency of the CRT dot clock (DOTCLK) to ensure 
that the DOTCLK signal satisfies the LVIC’s AC characteristics. In addition, set the LVIC to 
640 x 200 dots, not 320 x 200 dots. 


In principle, since the back porch and the dot clock frequency depend on CRT display mode 
(screen size, graphics/character mode), the setting of the LVIC’s pins and internal registers will 


need to be changed. 
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9.4 4-Level Gray Scale Display (With External Circuit) 


The number of gray scale levels can be reduced if it is felt that the contrast provided by the 
8-level gray scale display is insufficient. Decoding the CRT RGB display data enables a 
reduction in the number of levels. Figure 9-8 shows a decoder realizing a 4-level gray scale 
display. The color arrangement given in table 9-4 can be provided by changing the inputs to 
the decoder. Change the inputs according to the software being used, to obtain a better display. 


SECTION 


3 





Figure 9-8 4-Level Gray Scale Display Circuit (Decoder) 
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Table 9-4 4-Level Gray Scale Display (Color Arrangement) 


Input : _ Before Decoding | After Decoding 
(X, Y, Z) | | White | White 
= (R, G, B) | Yellow, cyan, green — Green 
or (B, G, R) | Magenta, red, biue Red 
Black Black 
(X, Y, Z) White White 
= (R, B, G) Yellow, green, blue Green 
or (G, B, R) Cyan, magenta, red Red 
Black Black 
(X, Y, Z) White White 
= (G, R, B) Yellow, magenta, red Green 
or (B, R, G) Cyan, green, blue Red 
Black Black 


Note: (R, G, B) indicates the arrangement of the CRT RGB display data. (X, Y, Z) = (R, G, B) means that the 
R, G, and B signals are to be input to the X, Y, and Z lines in figure 9-8. 


9.5 Pseudo-SRAM Interface (With External Circuit) 


The LVIC was designed to be used with normal SRAMs acting as buffer memory. However, 
pseudo-SRAMs can be used if an external circuit is provided. This section describes the 
interface between the LVIC and the HM65256B 32-kbyte pseudo-SRAM. 


9.5.1 Interface 


Interface Signals: When pseudo-SRAMS are used as buffer memory, data can be read from 
memory, but it cannot be written to memory with the existing memory chip select signal 
(MCS). Moreover, the LVIC cannot refresh memory, which is essential for pseudo-SRAMs. 
Therefore, when the LVIC is connected to pseudo-SRAMs, a memory chip enable signal (CE) 
and a memory output enable signal (OE) must be generated by an external circuit. The CE 
signal generates the memory chip enable precharge time and the OE signal generates the 


memory refresh precharge time. 
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Table 9-5 gives a comparison between the interface signals required for SRAMs and those 
required for pseudo-SRAMs. 


Table 9-5 Comparison of Buffer Memory Interface Signals 
(SRAMs vs. Pseudo-SRAMs) 


SRAM Interface Signals Pseudo-SRAM Interface Signals 

Memory chip select signal (MCS) Memory chip select signal (MCS) 

Memory write enable signal (MWE) Memory chip enable signal (CE) 

Memory addresses (MA) Memory output enable signal (OE) 

Display data (RD, GD, BD) Memory write enable signal (MWE) 
Memory addresses (MA) 


Display data (RD, GD, BD) 
Note: Of the pseudo-SRAM interface signals, the MCS signal is necessary only when a memory plane has more 


than one memory. 


Connection to Pseudo-SRAMs: Figure 9-9 shows an example of connection between the SECTION 
LVIC and two HM65256Bs, and figure 9-10 shows an example of a CE and OE signal 
generator. 3 





Figure 9-11 1s the operation timing chart for the CE and OE signal generator. The CE signal 
shown in the figure enables data to be read from memory during read cycles 1 and 2 and data 
to be written to memory during a write cycle. The CE and OE signals enable memory to be 
refreshed up to eight times per line during the CRT horizontal retrace period (figure 9-12). 
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Figure 9-9 Example of Connection between LVIC and HM65256Bs 
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Figure 9-12 Memory Width and Memory Refresh Period 


@ HITACHI 


163 


Hitachi America Ltd. ¢ Hitachi Plaza ¢ 2000 Sierra Point Pkwy. © Brisbane, CA 94005-1819 © (415) 589-8300 


SECTION 


3} 





164 


HD66840 Preliminary 





9.5.2 Limitations on Use 
The following limitations hold when pseudo-SRAMs are used as buffer memory: 


Limitations on LVIC Control Method: SRAMs can be used only with the ROM program- © 


ming meihod since pin AO, ihe address for an exiernal ROM, is necessary to generaie the 


interface signals CE and OE. 


Limitations on Memories Used: As far as memory access time and write data setup time are 
concerned, the limitations are the same as those on normal SRAMs. (Refer to section 2.3.1, 
Memory Type and Memory Capacity Calculations, for details.) In addition, only memories 
satisfying the following three conditions can be used: 


¢ Memory all-refresh cycle time Z CRT vertical retrace period .........c.ccccscsessesssesseeees (9-1) 
CRT vertical retrace period = 1/fvsync — (number of vertical displayed lines)/ftsyNc 


fvsync: VSYNC signal frequency 
fiisync: HSYNC signal frequency 


This condition is necessary because memory is not refreshed during the CRT vertical retrace 
period. The all-refresh cycle time is the maximum time required for refreshing all addresses 
of memory. 


¢ (Memory refresh command delay time) + (refresh cycle time) S$ 7‘ tcycD...... ee (9-3) 


(See figure 9-13.) 
tcycp: Dot clock cycle time 


¢ Time between memory refreshes 216° tCYCD ....c.cscscssesesseessssesescessssessesesesseeseseseeeeesees (9-4) 
Time between memory refreshes = (number of memory word lines) / (all-refresh cycle time) 
Samuel siettenaes (9-5) 


(See figure 9-13.) 
tcrcp: Dot clock cycle time 
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tcycp: Dot clock cycle time 


@ : Refresh command delay time 
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Figure 9-13 Pseudo-SRAM Refresh Timing 
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APPENDIXES 


A. Malfunctions Caused by Rewriting Registers During Display 


Rewriting the contents of an internal register during display may cause the LSI to malfunction. 


Hawever malfunctinns nena 
AAW VI wv way ws Ww AWA ee. 


ALALWMAS Bs eens 


ly annear onl 


annear only in the frame corresponding to the rewrite; the LST 


w an ewesow - 


will function normally in subsequent frames. 
Table A-1 lists possible malfunctions by internal registers (or bits), and how to avoid them. 


Table A-1 Malfunctions Caused by Rewriting Registers During Display, 
and Countermeasures 


Reg. Register 


No. Name Bits Malfunctions and Countermeasures —_ Rewritable?% 
RO = Control DCK Display will be jumbled until the oscilla- No 
_ Register 1 tion frequency of the external PLL circuit 
stabilizes 
DSP Display data will appear in the wrong Conditional 


position if the register is rewritten during 
the horizontal back porch period 


Rl Control MSO, 1 =‘ The chip select signal and memory No 
Register 2 address output will be irregular 
DON No malfunction Yes 
MC No malfunction Yes 
R2 ‘Vertical Displayed Invalid data may appear or the display No 
Lines Register may flicker if the register is rewritten 
R4 during the last line of a frame while data 


is transferred between the LSI and buffer 


memory 
R4  CL3 Period Register In display modes 13-16, the CL3 signal No 
R5 period may become longer than that 


specified by the register 
R6 ~—~ Horizontal Displayed Display data may appear in the wrong No 
R7 Characters Register position or the display may flicker 


Note: Yes means that the register can be rewritten without affecting the display, no means that malfunction 
cannot be prevented or countermeasures are difficult, and conditional means that the register can be 


rewritten only under certain conditions. 
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Table A-1 Malfunctions Caused by Rewriting Registers During Display, 
and Countermeasures (cont.) 


Reg. Register 


No. Name Bits Malfunctions and Countermeasures Rewritable?%™ 
R8 CL3 Pulse Width The CL3 signal period may become No 

Register longer than that specified by the register 
R9 Fine Adjust Register Display data may appear in the wrong Conditional 


position: rewrite this register during the 
CRT retrace period 
R10 PLL Frequency-Division Display will be jumbled until the oscilla- No 
Rll ‘Register tion frequency of the external PLL circuit 
stabilizes 
R12 ~~ Vertical and Horizontal Display may flicker: rewrite these regis- Conditional 
Back Porch Registers ters during the CRT display period 
R15 
Note: Yes means that the register can be rewritten without affecting the display, no means that malfunction Sy = ON NTO) \\ 
cannot be prevented or countermeasures are difficult, and conditional means that the register can be 


rewritten only under certain conditions. 


5 
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B. Reset 


The RES pin resets and starts the LVIC. Make sure that the reset signal is held low for at least 


1 tts after power-on. 


Reset is defined as shown in figure B-1. 


wa“ 


At reset During reset After reset 





Figure B-1 Reset Definition 


B.1 Status of Pins During Reset 


In principle, the RES pin does not control output pins; it operates regardless of the other input 
pins. Output pins can be classified into the following five groups, depending on their reset 


Status: 


¢ Pin that maintains its pre-reset status: CL2 

¢ Pins that are driven to high-impedance status (fixed low in through mode): RDO-RD7, 
GD0O-GD7, BDO-BD7 

¢ Pins that are fixed high: MWE, CL4, M, CD, MCS1 

¢ Pins that are fixed low: MAO-MA12, RO-R3, GO-G3, BO-B3, CL1, CL3, FLM, AO-A3, 
CU 

¢ Pins that are fixed high or low, depending on the type of memory being used (see table B-1): 
MA13-MA15, MCSO 
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Table B-1 Memory Type and Status of Pins During Reset 


Memory Type MAI3 
No Memory Low 
(Through Mode) 

8-kbyte Memory High 
32-kbyte Memory Low 
64-kbyte Memory Low 


B.2 Status of Registers During Reset 


MAI4 


~ Low 


High 
Low 


Low 


MAIS5 
High 


High 
High 
Low 


MCS0 
High 


Low 
Low 


Low 


The RES pin does not affect register contents. Therefore, registers can be both read from and 


written to by an MPU even during reset. The registers keep their pre-reset contents until they 


are rewritten. 


B.3 Buffer Memory Clear Function 


SECTION 


After it is reset, the LVIC writes Os into the memory area specified by the MSO and MS1 pins | 3 


or the MSO and MS1 bits of control register 2 (R1). Refer to table 5-1 in section 5, Buffer 


Memory Clear Function, for details. 
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C. Programming Restrictions 


Values written into the LVIC’s internal registers have the restrictions listed in table C-1. 
The symbols in table C-1 are defined in table C-2 and figure C-1. 


Table C-1 Limits of Values Written into Registers 


Applicable 

Item Limits Notes Registers 
Screen 4 SNvd S$ (Ncvbp + Nevsp) — 1 < 1024 R2, R3, R4, 
Configuration 4 SNhd S$ (Nchbp x 1/n + Nchsp) — 1 $ 506 L,2 R6, R7 

(Nhd + 6) x n x Nvd x frm $ fporc.K 1,3 

<30 MHz 
CL3 Signal 1 S Npw S (Nhd + 6)/2 — 1 4 R4, RS, R6, 
Control | 1 < Npw $ Nhd 5 R7, R8 

1S Npw $Npc -1 6 
DISPTMG Signal 1S NchbpS 256 7 R12, R13 
Generation 1 S$ Nevbp S$ 256 7 R14, R15 
No Memory 4 £Nhd S$ Nchsp — 4 8 R2, R3, R4, 
(Through Mode) 4 2Nvd S$ Nevsp — 1 8 R6, R7 


Notes: 


1. 
2. 
. frim is the FLM signal frequency and foorcix is the CRT display dot clock (DOTCLK) frequency. 


aI An NA Ff 
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n indicates the horizontal character pitch which is the number of horizontal dots making up one character. 


Nhd € 250 in dual screen modes (display modes 1 and 6). 


fupotck < fporcik X 15/16 or fiporcx = fpotcLK 


(fiporck is the LCD dot clock (LDOTCK) frequency) 


. In display modes 1, 2, 4, and 6-8 

. In display modes 3, 5, and 9-12 where Npw = (value in R8) + 5 
. In display modes 13-16 where Npw = (value in R8) + 5 

. (Value in R14 and R15) $ (Nchsp x n + Nchbp) — Nhd x n- 2 


(n = horizontal character pitch) 
(Value in R12, R13) S (Nevsp x n + Ncvbp) — Nvd — 2 


. Nht = Nehsp + (Nchbp x 1/n), Nvd < Ncvbp + Nevsp 


(Nht = (Nhd + 6) when buffer memory is used) 


(n = horizontal character pitch) 
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Table C-2 Symbol Definitions 


Symbol Definition 

Nchd Number of horizontal displayed characters on CRT display ((number of 
horizontal displayed dots on CRT display) x 1/8) 

Nchsp Number of characters between the rising edge of the DISPTMG signal and 


that of the HSYNC signal ((number of dots between the rising edge of the 
DISPTMG signal and that of the HSYNC signal) x 1/8) (= horizontal synch 


position) 
Nchbp Number of dots between the rising edge of the HSYNC signal and that of the 


DISPTMG signal Gust after the rising edge of the HSYNC signal) 
(= horizontal back porch) 

Nevbp Number of lines between the active edge of the VSYNC signal and the rising 
edge of the DISPTMG signal (just after the active edge of the VSYNC signal) 
(= vertical back porch) 





Nevsp Number of dots between the rising edge of the DISPTMG signal and the 
active edge of the VSYNC signal (= vertical synch position) SJ sou gle), 
Nevd Number of vertical displayed lines on CRT display 
Nhd Number of horizontal displayed characters on LCD ((number of horizontal 3 
displayed dots) x 1/8) | 
Npc Number of characters during a CL3 signal period ((number of dots during a 
CL3 signal period) x 1/8) 
Npw Number of characters while the CL3 signal is high ((number of dots while the 
CL3 signal is high) x 1/8) 
Nht Number of characters during a CL1 signal period ((number of dots during a 
CL1 signal period) x 1/8) 
Nvd Number of vertical displayed lines on LCD 
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Note: When the screen is dual, the Nvd period is doubled. 
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D. Limitations of Gray Scale Display 
With gray scale display, the display contrast may be weak or the display may “flow.” 
D.1 Weak Display Contrast 


When gray scales are displayed, the contrast of a section below a gray section is sometimes 
weakened, as shown in figure D-1. This phenomenon depends on the gray scale and on the 
display pattern (character, figure, or table), and is most noticeable when a gray scale is at the 
top of the screen or when it is used as part of a table (figure D-2). This phenomenon becomes 
even more noticeable if the LCD panel has strong contrast frequency characteristics or if the 
LCD module has a high resistance between its liquid-crystal cells and the power supply driving 


the LCD (such as an operational amplifier). 


If this phenomenon appears, change the LCD panel or reduce the resistance between the liquid- 


crystal cells and the power supply driving the LCD. 





SECTION 


5 


Correct display Weakened contrast 


Figure D-1 Example of Figure Contrast Weakened by Gray Scale Display 
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Correct display 


Weakened contrast 





Figure D-2 Example of Table Contrast Weakened by Gray Scale Display 
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D.2 Display Flow 


When gray scales are displayed on an LCD panel that has a quick response, a display pattern 
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igure D-3 Example of Display Pattern Flow with Gray Scales 
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For additional information reference: 


Section 1. LCD Controller/Driver LSI Data Book 


Section 2. HD66300T Horizontal Driver for TFT-Type LCD Color TV 
Section 3. HD66840 Video Interface Controller (LVIC) Application Note 
Section 5. HD63645/HD64645/HD64646 LCD Timing Controller (LCTC) User’s Manual 
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a4. DISPLAY SCREEN AND VALUES IN REGISTERS 


This chapter is an overview to help understanding of the following 
chapters. Refer to LCD Timing Controller (LCTC) HD63645F, HD64645F User's 
Manual for more details, especialy on software of each func- 

tion. 


1.1 Internal Registers 

The LCTC has one address register and fourteen data registers (table 1-1). To 
select one out of the fourteen data registers, write the address of the data 
register to be selected into the address register (table 1-2). The MPU can 


transfer data to/from the data register corresponding to the written address. 


Table 1-1 Internal Register Configuration 


Register Name Symbol a) 6 | 5 fa 
ea MLE 
f) v] 













Address Register 
Horizontal total characters *2 







Horizontal displayed characters 
Maximum raster address 










Zi 
oe 

eae Feel a (ee aes 
a 
Wee LACAN ZANT — 


V7 7 ae 


Yy wel G/C JWIDE] BLE AT 
YY owe 







Cursor start raster 
Cursor end raster 
Start address (H) 
Start address (L) 
Cursor address (H) 




























Cursor address (L) 

Horizontal virtual screen width 
Multiplexing duty ratio (H) 
Multiplexing duty ratio (L) ¥*2 
Display start register 

Mode register * 4 


















& 
Notes: 1. i : Invalid data bits. 
2. The "value to be specified-1" should be programmed in 


registers marked *2. 


3S Data bits 5 and 6 of the cursor start register control 
the cursor display as shown below: 


Cursor Mode 
Cursor on, not blinking 
Cursor off 
Blinking every 32 frames 


Blinking every 64 frames 


Fo old 
FPO PB Of 


oa 


4. The OR of the mode pin status and the mode register 
determine the mode. 
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Table 1-2 Register Addresses 


Q 
169) 
vs) 
n 


ocooocooF 
PrRPRPerPRO | 


e2coooaooco CoCo 
ee ee ee 


Notes: 


4 


oO ooo°o | 


PREP HOOOS 


2% 


3 


PrRrRoOoO;o ! 


QoOoooorrrF FF 


2 


eaeooo°o°o | 


BP RPRrEOOrRPrHP HH 


Address 
_Register 


cl 


KRMBreoo;oe | 


POOrFPrRPRFPrFOO 


FPOoOrRrF Oo |! 


OoOororOorFrOoOoF © 


Reg. 


No. 


AR 

RO 

Rl 

R9 

R10 
R11 
Riz 
R13 
R14 
R15 
R18 
R19 
R20 
R21 
R22 


Program 
Register Name 


Invalid 

Address Register 

Horizontal total characters 
Horizontal displayed characters 
Maximum raster address 

Cursor start raster 

Cursor end raster 

Start address (H) 

Start address (L) 

Cursor address (H) 

Cursor address (L) 

Horizontal virtual screen width 
Multiplexing duty ratio (H) 
Multiplexing duty ratio (L) 
Display start raster 

Mode register 


HITACHI 


Unit 


Character 
Character 
Raster 
Raster 
Raster 
Mem addr 
Mem addr 
Mem addr 
Mem addr 
Character 
Raster 
Raster 
Raster 


1. R/W shows whether the CPU can only write into the register, 
both read from and write into the register. 
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Registers R2-R8, R16, and R17 are not assigned for the LCTC. 
Programming these registers Nos. will be ignored. 


Table 1-3 


shows internal register description. 


Table 1-3 Internal Register Desciption 


Reg. 
No. 


AR 


RO 
Rl 


R9 


R10 
R11 
R12 
R13 
R14 
R15 


R18 


R19 


R20 


R21 


R22 


Note: 


Register Name 


Address register 


Horizontal total characters 
Horizontal displayed charac- 
ters 

Maximum raster address 
Cursor start raster 

Cursor end raster 

Start address (h) 

Start address (1) 

Cursor address (H) 

Cursor address (L) 


Horizontal virtual screen 
width 


Multiplexing duty ratio (H) 
Multiplexing duty ratio (L) 


Display start raster 


Mode register 


Description 


Specifies the internal control registers 
(RO, R1, R9-R15, R18-R22) address to be 
accessed (5 bits). 

Specifies the horizontal scanning period 
(8 bits). 

Specifies the number of displayed 
characters per character row (8 bits). 
Specifies the number of rasters per 
character row; including the space 
between character rows (5 bits). 
Specifies the cursor start raster address 
and its blink mode (5 + 2 bits). 
Specifies the cursor end raster address 
(5 bits). 

Specifies the display start address 

(16 bits). 


Specifies the cursor display address 
(16 bits). 


Specifies the length of a character row 
in memory space, for horizontal scrolling 
(8 bits). 

Specifies the number of rasters of 

a screen (16 bits). 


Specifies the display start raster 
address of the first character row, 
for smooth scrolling (5 bits). 


Controls the display mode (5 bits). 


For more details of registers, refer to 


LCD Timing Controller (LCTC) HD63645F/HD64645F USER'S MANUAL. 
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1.2 Display Screen Size and Values in Registers 


Figure 1-1 shows the relation between the LCTC internal registers and a display 
screen. 







Horizontal total characters (RO) 


(R21) 
Start Horizontal displayed characters (R1) + 


raster 








Start address (R12) 






CPU 
Memory write time 





Display period 














Horizontal 
character 








Display start 
caster address 


(R21) 





Maximum 
raster 
address 


Multiplexing duty ratio (single) 
Multiplexing duty ratiox 2 (dual) 


(R19, R20) 





Figure 1-1 Relation between Display Screen and Registers 


Table 1-4 shows the relation between the values in the registers and the size 
of an actuai dispiay screen. However, the relation depends on the modes. 


Table 1-4 Screen Size Selection 


Actual Screen 


Item Mode No. Size 
Number of Horizontal Ly 35.9 8 x Nhd 
Dots of a Screen 2, 3, 4, 6,7, 8, 10, 11, 12, 13 16 x Nhd 
Number of Vertical Dd; 6). 75 84 93 105 Tl, 12 Nd + 1 
Dots of a Screen 1. 2s 35 Gy 23 2 x (Nd + 1) 


Note: Nhd = horizontal displayed characters (Rl) 
Nd = Multiplexing duty ratio (R19, R20) 
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Table 1-5 shows the overall relation between the values in the registers and 


the screen size. 


Table 1-5 Relation between Values in Internal Registers and Screen Size 


No. of No. of 
Character Screen Horizontal Horizontal 
No. Mode No. or Confige- Dots of a Dots of a 
Graphic uration Character Screen Screen 
Character 
1 1 (Normal ) Dual 8 8 x Nhd 
2 5, 9 Character 
(Normal) Single 8 8 x Nhd 
Character 
3 2 (Wide) Dual 16 16 x Nhd 
4 6, 10 Character 
(Wide) Single 16 16 x Nhd 
5 3, 4, 13 Graphic Dual 16 16 x Nhd 
6 7, 8, 11, 12 Graphic Single 16 16 x Nhd 
Note: Nht = horizontal total characters (RO) 
Nhd = horizontal displayed characters (Rl) 
Nd = multiplexing duty ratio (R19, R20) 
focLK = DCLK frequency (Miz) 
© HITACHI 


No. of 
Vertical 
Dots of a 


2 x Nd 


2 x Nd 


2 x Nd 


Raster Time (us) 


_1lxmtx8 
foclK 
_1l_xwWht x4 
fpcLK 

1 x Nht x 16 
_l_xNht x8 
_l_ x wht x 16 

1 xWNht x8 
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Figure 1-2 describes 3 cases of setting values for each screen configuration. 
In this case, fpc.K = 10 MHz and fr = 65 MHz to 70 MHz. 


(1) 640 x 200 dots, 1/200 duty, single screen 


(a) Mode 5 (character mode) 





Nht = 178 (RO set value) 640 
Nhd = 80 (RI set value) 
Nd = 199 (R19, R20 set value) 


(bd) Mode 7 (graphic i mode) 
1/200 duty 200 
Nht = 89 (RO set value) 
Nhd 40 (Rl set value) 
Nd = 199 (R19, R20 set value) 


(2) 640 x 400 dots, 1/200 duty, dual screen 
(a) Mode 1 (character mode) 


Nht = 89 (RO set value) 
Nhd = 80 (RI set value) 640 





Nd = 199 (R19, R20 set value) 

(b) Mode 3 (graphic 1 mode) 1/200 duty 
Nht = 44 (RO set value) 400 
Nhd = 40 (RI set value) 1/200 duty 
Nd = 199 (R19, R20 set value) 


(c) Mode 13 (large screen graphic 1 mode) 


Nht = 89 (RO set value) 
Nhd = 40 (R1 set value) 
Nd = 199 (R19, R20 set value) 


(3) 720 x 540 dots, 1/270 duty, dual screen 


Mode 13 (large screen graphic 1 mode) 720 


1/270 duty 
1/270 duty 


Nht = 58 (RO set value) 
Nhd = 45 (RI set value) 
Nd = 269 (R19, R20 set value) 540 






270 





270 








Figure 1-2 Screen Configurations 
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Since the set values in the registers determining the screen size have the 
following limitations, extra care should be taken in programming. 


(1) 1 < Nhd < Nht + 1 £ 256 


(2) 16 
Nhd + : Nht + 1 
m *l 


(3) (Number of vertical dots) x (number of horizontal dots) x (frame frequency; 
frrm) < (data transfer speed; V) 


{| *2 x (Nd + 1) x Nhd “| no x fppy < V 
2 


16 
(4) OS Nd < 511 


*1; The value of m depends on the mode, as shown in the following table. 


Mode No. m 
5, 9 1 
1, 6, 7, 8, 10, 11, 12, 13 2 
2, 3, 4 4 


*2: Set to 1 if the LCD screen has 1 panel (= single screen configuration), and 


to 2 if the LCD screen has 2 panels (= dual screen configuration). 
the following table. 


Refer to 
Mode No. Set Value 
5, 6, 7, 8, 9, 10, 11, 12 1 
Do 2s oy ee 13 


—i, 2, 3,4, 13 


*3: Set to 8 if ome character consists of 8 dots and to 16 if one character con- 
sists of 16 dots, as shown below. 


Mode No. Set Value 


l 9 8 
2, 3, 4, 6, 7, 8, 10, ll, 12, 13 16 


» 5 
3 
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1.3 Display Function and Values in Registers 
1.3.1 Cursor display 


The LCTC can program display mode of cursor as listed in figure 1-3 and display 

shape of cursor as shown in figure 1-4 set by cursor start raster register (R10) 
and cursor end raster register (R11). Therefore, the LCTC can not only realize 

cursor display required for the system, but also change display mode dynamically 
according to the system state. 


Cursor blinking 


Peto st 4] 3] 2) ij 0 
UAB\| P| Nes 












linking every 32-frame 
linking 64-frame 





Blinking control circuit 


CUDISP 





Figure 1-3 Cursor On/Off by CUDISP and Blinking Control Circuit 
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Cursor 
Start Raster (R10) 


Cursor 
End Raster (R11) 


! 





Figure 1-4 Cursor Display 


The set values in the registers controlling cursor display have the following 
limitations: 


(1) 0 < Nes < Nee 
(2) Nce < Nr 
Note: Ncs = cursor start raster (R10) 


Nce = cursor end raster (R11) 
Nr = maximum raster address (R9) 


SECTION 


4. 
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1.3.2 Start address 


Start address registers (R12, R13) can provide an offset for the read address of a 


frame buffer. This function facilitates paging and scrolling. 


Figure 1-6 shows the relation between the number of displayed characters and the 
memory addresses when the start address is 0. Setting Nhd as a start address 
shifts the display one character row upward. Scrolling is enabled by adding Nhd-™ 
to the current start address in this way. (Nhd = number of horizontal displayed 
characters, set value in (Rl).) 


Writing < {(Nd + 1) / (Nr + 1)}x* Nhd> as a start address enables paging. (Nd = 
multiplexing duty ratio, set value in (R19) and (R20), Nr = maximum raster 
address, set value in (R9).) 


1.3.3 Cursor address 


Cursor display position can be programmed by cursor address registers (R14, 


R15). In this case, the user is to program cursor address with linear 


addresses, not X and Y addresses. 


1.3.4 Horizontal virtual screen width 


Horizontal virtual screen width register (R18) can provide an offset for start 
addresses of adjoining two lines. This function facilitates horizontal 
scrolling. 


Figure 1-5 shows the concept of horizontal virtual screen width, and figure 
1-6 shows an example of setting horizontal virtual screen width. 


If the user does not need this function, set the same value into the horizontal 
virtual screen width register (R18) as the value in the horizontal displayed 


characters register (Rl). 


The set value in the horizontal virtual screen width register has the following 
limitations: 


(1) Nhd < Nir 


(2) 0 < Nir < 255 
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Horizontal 
displayed 
characters (R1) 


Horizontal virtual screen width (R18) 





Figure 1-5 Horizontal Virtual Screen Width 


Example: 
R18 (Horizontal Virtual Screen Width) = 10 


Set Mactan R1 (Horizontal Displayed Characters) =5 


' 


Displayed Area 


Performing horizontal 
scroll by updating 


the start address 
0 to 4 


SECTION 





Figure 1-6 Example of Setting Horizontal Virtual Screen Width 
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1.3.5 Display start raster 


Display start raster register (R21) can provide an offset for the start raster of 
the first row. This function enables smooth scrolling. 


Figure 1-7 shows an example of smooth scroll by setting display start raster 
address. 


Raster 
Address 


Display start raster address 


(R21) =0 (R21) =1 





Figure 1-7. Example of Smooth Scroll by Setting Display 
Start Raster Address 


The set value (Nsr) in the display start raster register has the following limi- 
tations. 


Nsr Nr 


A 


set value in the maximum raster address register (R9) 


Note: Nr 


The LCTC controls display modes (display on/off selection, wide display, etc.) 
with mode register (R22). For details, refer to "2. LCD SCREEN CONFIGURATION 
AND MODES." 
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1.4 Display Screen and Memory Addresses 


Memory address changes at the fall of the MCLK signal. The relation between 
the frequency of the MCLK signal and that of memory address (MA) change 
differs from mode to mode. Table 1-6 shows the relation between modes and 
the frequency of memory address change. 


Table 1-6 Modes and Frequency of MA Change 


Mode No. MA Change Frequency 
1, 2, 3, 4, 9 £MCLK 
5, 13 fMCLK 
6, 7, 8 fuciK/2 
10, ll, 12 fucLK/2 


Memory address is counted up even though the display period, in which the LCTC 
uses the memory, is over. But it does not affect the display since data 
transfer to an LCD is suspended. (DISPTMG signal is high in the display period.) 


The LCTC hands over the memory to the CPU in the data transfer suspended period. 
(DISPTMG signal is low in the period.) 


Figure 1-8 shows the relation between the number of displayed characters and the 
memory addresses when the horizontal displayed characters (Nhd) is the same as 
the horizontal virtual screen width (Nir) and the start address is 0. The rela- 
tion shown in this figure is the base of the character position and the memory 
addresses. 


Figure 1-9 shows the relation between the number of displayed characters and the 
memory addresses when Nir > Nhd. This is the relation when horizontal scroll 
function is used. 


Figure 1-10 shows the relation between the number of displayed characters and the 


memory addresses when the display start raster (Nsr) = 2. This is the relation 
when smooth scroll function is used. 


SECTION 


4 
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w 
uw 
w f 
ot os 
Aven CTC uses the memory CPU uses the memory 
omy tL 7] : 
a fe o we Y 
Bae Set 
= g wD 
Zo" £8 
0 0 
Nr Ne 
Nr+l 0 2Nhd -1 
2Nr+l Ne 2 Nhd i 
2Nr+2 0 
8Nc+2 Nr 
Ndt+l \. Nd+1_,), Nd+1 
0 [(yoaa- LD): Nhd |(QSpp—1): Nnd+1 | (eq 2) Nhd-+Nht 
Nad Nr{( (Rat) Nnd-HNnt 


Notes: l. C] indicates the display screen. 
2. Ref: DRAM refresh address. See LCD Timing Controller (LCTC) HD63645F/ 


HD64645F USER'S MANUAL. 
3. Register values corresponding to the screen in figure 1-8: 








Register No. Register Name Set Value 
RO Horizontal total characters Nht 
Rl Horizontal displayed characters Nhd 
R9 Maximum raster address Nr 
R12, R13 Start address 0 
R18 Horizontal virtual screen width Nhd 
R19, R20 Multiplexing duty ratio Nd 
R21 Display start raster 0 


4. Figure 1-8 shows the screen in mode 5 (single screen, 4-bit data 


transfer, normal character mode). 





Figure 1-8 Relation between Number of Displayed Characters and 
Memory Addresses When Nir = Nhd 


| 
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Notes: l. Cc] indicates the display screen. 
2. Ref: DRAM refresh address. See LCD Timing Controller (LCTC) HD63645F/ 
HD64645F USER'S MANUAL. 
3. Register values corresponding to the screen in figure 1-9: 








Register No. Register Name Set Value 
RO Horizontal total characters Nht 
Rl Horizontal displayed characters Nhd SECTION 
R9 Maximum raster address Nr 

R12, R13 Start address 0 
R18 Horizontal virtual screen width Nir oak 

R19, R20 Multiplexing duty ratio Nd | 
R21 Display start raster 0 








4. Figure 1-9 shows the screen in mode 5 (single screen, 4-bit data 
transfer, normal character mode). 


Figure 1-9 Relation between Number of Displayed Characters and 
Memory Addresses When Nir > Nhd 
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Mu] tiplexing 
raster address 


© duty ratio 


Nr-—2 
Nr-l 


LCTC uses the memory CPU uses the memory 


Raster 
address 


2Nr—1 Nr 


Nd+1 Nd+1 Nd+1_ 
wo Gra 71) Nhd+1 Nery ~L) Nid-+Nh 


> Nhd +Nht 


Notes: 1. [ ] indicates the display screen. 
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2. Register values corresponding to the screen in figure 1-10: 
Register No. Register Name Set Value 


RO Horizontal total characters Nht 

Rl Horizontal displayed characters Nhd 

R9 Maximum raster address Nr 
R12, R13 Start address 0 
R18 Horizontal virtual screen width Nhd 
R19, R20 Multiplexing duty ratio Nd 
R21 Display start raster 2 


3. Figure 1-10 shows the screen in mode 5 (single screen, 4-bit data 
transfer, normal character mode). 





Figure 1-10 Relation between Number of Displayed Characters and 
Memory Addresses When Nsr = 2 
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2. LCD SCREEN CONFIGURATION AND MODES 
2.1 LCD Screen Configuration 


In constructing an LCD system, the user needs to choose a single screen or a 
dual screen unlike CRT. 


A single screen costs less than a dual screen because of the small number of 
column drivers for a display and of its small mounting size. However, it has 
limited duty ratio, LCD drive voltage, and display quality of the liquid 
crystal. A dual screen is necessary to improve these factors. 


Common driver 


(1) Single screen display 


Up panel column driver 


LCD up panel 


LCD down panel 


Down panel column driver 


(2) Dual screen display 


Common driver 





Figure 2-1 System Configuration Comparison of 
Single Screen and Dual Screen 


2.2 Display Format 


The LCTC display formats can be broadly divided into character display and 
graphic display. The following gives you general description. For more 


details, refer to LCD Timing Controller (LCTC) HD63645F/HD64645F USER'S MANUAL. 
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2.2.1 Character mode display 


Character mode receives and displays the data of a CG ROM (Character generator 


ROM) according to VRAM data. 


Figure 2-2 shows an example of system configuration and display in character 


mode. 


@ 
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Figure 2-2 Example of System Configuration and Display in Character Mode 


Figure 2-3 


lay in width. 
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ble to double the whole d 
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CG ROM data 
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Figure 2-3 Wide Character Display 
@ HITACHI 
Hitachi America Ltd. ¢ Hitachi Plaza ¢ 2000 Sierra Point Pkwy. © Brisbane, CA 94005-1819 ¢ (415) 589-8300 


18 


2.2.2 Graphic display 
Graphic mode displays the data in a frame buffer as it is. 


The LCTC provides three methods of graphic display. 


(1) 1 RAM graphics 


1 RAM graphics mode uses the LCTC in character mode with the maximum raster 
address set to 0. This mode is suitable for a rather small LCD since it 
needs only one RAM. 


Figure 2-4 shows a graphic display system using 1 RAM. 





Figure 2-4 Graphic Display System Using 1 RAM 


(2) Graphic 1 mode display 


Graphic 1 mode displays 16-bit data entered into the MDO-MD15 pins as it is. 7 
Thus it requires 2 RAM's at least. This mode is suitable for displaying SECTION 


graphics by hardware originally configured for displaying characters with 
the attribute function. 4 


In this mode, the value in the maximum raster address register does not 
affect the display. 





Figure 2-5 shows an example of system configuration and display in graphic 1 mode. 
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ARAM VRAM LCTC LCD module 


Lig sole i, CAEESAEED, 
o _ 

Genes oes vw WIE: 7 Gu e: 

es y RLS 


PEs 
io i oo ” 


ANY 
SS 
ro Me ASSN, 


s 
no oe Me Yee eS 


oa 
ie 
? 

of 
cA 
Pat a 





Figure 2-5 Example of System Configuration and Display in Graphic 1 Mode 


(3) Graphic 2 mode display 


Graphic 2 mode also displays the data entered into MDO-MD15 pins as graphic 
1 mode does, and it requires 2 RAMs at least. However, the value in the 
maximum raster address register affects the display. 


This mode can be used with the graphic software designed for a CRT display 
system with an HD6845 (CRTC). 


@ HITACHI 
Hitachi America Ltd. ¢ Hitachi Plaza e« 2000 Sierra Point Pkwy. © Brisbane, CA 94005-1819 e (415) 589-8300 


2.3 Attribute Function and OR Function 
2.3.1 Attribute function 


The LCTC can give a variety of attributes (reverse video, cursor, blinking, 
white, or black) to a specified character in character mode display. As shown 
in table 2-1, the character code entered into MD7-MDO determines which character 
should be given the attribute. The attribute codes entered into MD15-MD8 
determine which attribute should be given. The data entered into MDIO-MD8 is 
invalid. 







1. Black 2. White 
3. Blinking 


4. Cursor 


A 


5. Reverse Video 







SECTION 


4 





Figure 2-6 Display Example Using Attribute Functions 


Table 2-1 Attribute Codes 


re oon Reverse 
Function | display | display | Blinking | Cursor invalid Character Code 
video 
(black) | (white) 
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2.3.2 OR function 


In character mode, the LCTC can superimpose the data entered into MD7-MDO and 
the data entered into MDI5-MD8. This function is used when superimposing 
graphics and characters. 


Figure 2-7 shows how the OR function works. 


Graphic data Character data 
(Character data) (Graphic data) 


[<n ae Be a ee ee 
M015. MO014---7- MO9 MD8 MD7 MD6 ---- MODO1 MDO 





Figure 2-7 OR Function 


Attribute function is disabled when OR function is used, and vice versa. For 


details, see LCD Timing Controller (LCTC) HD63645F/HD64645F USER'S MANUAL . 
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2.4 Mode Setting 
2.4.1 Mode selection 


Select the mode you use depending on the hardware configuration and display for- 
mat. 


Table 2-2 shows how to select the mode. 


Table 2-2 Mode Selection 


System Configuration Display Format 
Screen 










LCD Data 
Transfer 


Screen Normal/ | Attribute/ | Maximum Data | Mode 
Size i Wide Transfer No. 


Speed (MBPS) 





Normal AT 20 5 
Character OR 
Wide AT 10 6 
Single- Normal OR 
— Graphic | ---------9------------ 20 7 
Graphic 2 -----~----------------- 20 8 
4—bit ~ Characterd Normal AT 20 1 
| OR 
_ Wide AT 10 2 
Normal OR 
Dual — Graphic | ---------------------- 20 3 
| Graphic 2 --~-n3n nnn 20 4 
__ Large Graphic 1 ---------------~------- 40 13 
eer. 20 9 : 
Character __ OR J =fou w(e)\\ 
Wide AT 10 10 
8-bit —- Single- Normal OR | 
_ Graphic 1 ---------------------=- 20 11 
Graphic 2 ------~---------------- 20 12 
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2.4.2 Mode setting 


The pins shown in table 2-3 determine the mode. 


Table 2-3 Mode List 


No.Mode Name 


1 
normal char 

2 Dual screen 
wide char 

3 Dual screen 
graphic 1 

4 Dual screen 
graphic 2 

5 Single screen 
normal char 

6 Single screen 
wide char 

7 Single screen 
graphic 1 

8 Single screen 
graphic 2 

9 8-bit normal 
normal char 

10 8-bit normal 
wide char 

11 
graphic 1 

2 
graphic 2 

13 Large screen 

Note: Char/Graph 


24 


Dual screen 


—_____Pin Name ~Screen Char/ 
D/S G/C LS WIDE AT Config Graph 


1 QO QO Q0 9. Dual 


8-bit normal 


8-bit normal 


1 vi 1 0 1 


Single 


Dual 


= Character or graphic 
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Data 
Trans- 
fer 
Char 4-bit 
x2 
Graph 
Char 4-bit 
Graph 
Char 8-bit 
Graph 
4-bit 
x 2 


Wide/ 
Normal 


Normal 


Wide 


Normal 


Wide 


Normal 


Wide 


Attri- 
bute 


AT 


AT 


AT 


AT 


AT 


AT 
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Trans- 
fer 
Speed 
(bps) 


2x 
DCLK 


DCLK 


2x 
DCLK 


1 x 
DCLK 


2x 
DCLK 


4x 
DCLK 


AT 

(Data bit O) 
BLE 

(Data bit 1) 


WIDE 
(Data bit 2) 


G/C 
(Data bit 3) 


ON/OFF 
(Data bit 4) 


Mode register ON/OFF G/C WIDE BLE AT 
(R22) (Pin 53) (Pin 58) (Pin 54) (Pin 51) (Pin 57) 





Figure 2-8 Correspondence between Mode Register and External Pins 


<) = Om uO) \\ 


4 





@ HITACHI 


Hitachi America Ltd. Hitachi Plaza # 2000 Sierra Point Pkwy. © Brisbane, CA 94005-1819 © (415) 589-8300 25 


26 


2.5 Timing Charts 


Figure 2-9 (a)-figure 2-9 (j) show the timing charts of each mode when the 
values are set in the internal registers as in table 2-4. 


Table 2-4 Register Values 


Register 
No. Register Name Value 
RO Horizontal total characters Nht 
Rl Horizontal displayed characters Nhd 
R9 Maximum raster address Nr 
R10 | Cursor start raster Nes 
R11 Cursor end raster Nce 
R12 Start address (H) - 
R13 Start address (L) - 
R14 Cursor address (H) - 
R15 Cursor address (L) - 
R18 Horizontal virtual screen width Nhd* 
R19 Multiplexing duty ratio (H) Ndh 
R20 Multiplexing duty ratio (L) Ndl 
R21 Display start raster Nsr 
R22 Mode register - 


*: The horizontal virtual screen width register does not function since Nhd is 
set in (R18). 


MCLK frequency is a quarter of DCLK frequency in every mode, but the relation 
between MCLK, the MA change frequency, and the CL2 frequency differs depending 
on the modes. Table 2-5 shows the relation. Refer to this table in choosing a 
memory IC and an LCD driver. 


Table 2-5 Modes and Frequency of MA Change and CL2 


Mode No. MA Change Frequency CL2 Frequency 
Ly 25 By hy £MCLK fMCLK 
5, 13 EMCLK 2 x fucLK 
6, 7, 8 fucLK/2 2 x fMcLK 
10, 11, 12 fucLk/2 fMcLK 


See each timing chart for the phase relation. 


Figure 2-10 shows the timing chart of the period of a raster signal and a 
character row. 
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~~ ULLAL. SULLA Ur 


| 


1 | 
| | 
apo rrerecrener ! patna 
bDISPTMG i : 
! 
| 
! ! ! 
CUDESP | | | | 
: | | 
1 | 
| 
Latch | 
Timin | 1 I 


\ 
CLI MCLK xX 16 


Ze SOO CCC Cie SO O Caen 
os COCO GC Geo So Cane 
? 5 OS CS GR cP CP 0 
i SSS Ooo Gee oS ns 

CSOcoSt Ge items 
7 SOOO 2 Git Oo. Ci 


D 


U = up panel address (data), D = down panel address (data), subscript = no. of MD pin, 
Nhd = horizontal displayed characters, Nht = horizontal total characters 


Figure 2-9 Timing Charts (a) Mode 1 (Dual screen normal character) 
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' 
! | 
DISPTMG 
| ! 
: ! Ps | oa | 
i | | 
|! | 
| 

CUDISP | | | | | | | | | | 
| 
| 
l 
| 








(ae \ 


Timing 









| | 


pate hyd ! ee } ie 
| 
! | 
RAQ~RA4 0 1 
r 
| 
| Sa Se SS fe 
FLM MCLK x 16 | 
| | 
| 
| 


MAQ-MAL5 


I 
\ | 


7 meres 

CL2 | | | | | | | | | | | | | | | | | | | | | | | | | 
. COCGG COO to oo Cie 
" SOested OOo ot Cae 
= SOC COT EOSGORd 

i SOG GC eS Oo Cee 
e GB 3 
is OS OGG a 
7 Gh Oe 
= SOSCO CC O02 0 2 Ca 


U = up panel address (data), D = down panel address (data), subscript = no. of MD pin, 
Nhd = horizontal displayed characters, Nht = horizontal total characters 


Figure 2-9 Timing Charts (b) Mode 2 (Dual screen wide character) 
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| 





! 
{ 
i} 
! 
| 
| 
| ! 
{ 
Latch | | 
Timing \ | 
| 
| 
tk = 
| 
I 
I 
| 
fo ptere en eee 4-- 
FLM | MCLK x 16 | 
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U = up panel address (data), D = down panel address (data), subscript = no. of MD pin, 


LU3 





S 
w 


Nhd = horizontal displayed characters, Nht = horizontal total characters 
Figure 2-9 Timing Charts (c) Mode 3, 4 (Dual screen graphic 1 and 2) 
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Late 
Timing 


| 
| | 
| | 
RAO-RA4 0 | | 1 
t 
| 
1 
| 
x ¢ 


a SO tec Game CCCC (a ¢ 

UNCC 0801 Gmmm C11 Cn 
: CEI. KEE VG 
oes 100000000000 Gin 000000) Gann 0 
meen 0000000000) Gin 00000) | Ginn ¢ 
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cr 
c 


~-4-- 
U = up panel address (data), D = down panel address (data), subscript = no. of MD pin, 


Nhd = horizontal displayed characters, Nht = horizontal total characters 


Figure 2-9 Timing Charts (d) Mode 5 (Single screen normal character) 
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U = up panel address (data), D = down panel address (data), subscript = no. of MD pin, 


. 

~—_ 
— 
i] 





Nhd = horizontal displayed characters, Nht = horizontal total characters 


Figure 2-9 Timing Charts (e) Mode 6 (Single screen wide character) 


@ HITACHI 
Hitachi America Ltd. ¢ Hitachi Plaza « 2000 Sierra Point Pkwy. © Brisbane, CA 94005-1819 © (415) 589-8300 31 


32 





DISPTMG i aes ae a ae 


CUDISP 


Latch 
Timi 





— ee oe oe — ee ee 


pee _ it. 


co 
ad 
RAO-RAG | i l 
| | | 
| 


LUO 


LUL 


LU2 


sLU3 


LD3 


CECE EMAAAE 
Hineccvenene na CRAM 


aaa nes 
——_COOOCQOQO000C OOO 
an 0001000000) 0 Gian 0000000 
iam 00100000000 ieee 0000000 Cnn 
a 104000000000 Geen 0000000 Cin 0 


U = up panel address (data), D = down panel address (data), subscript = no. of MD pin, 


Nhd = 


horizontal displayed characters, Nht = horizontal total characters 


Figure 2-9 Timing Charts (f) Mode 7, 8 (Single screen graphic 1 and 2) 
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U = up panel address (data), D = down panel address (data), subscript = no. of MD pin, 


Nhd = horizontal displayed characters, Nht = horizontal total characters 
Figure 2-9 Timing Charts (g) Mode 9 (8-bit normal character) 
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up panel address (data), D = down panel address (data), subscript = no. 


= horizontal displayed characters, Nht = horizontal total characters 


Figure 2-9 Timing Charts (h) Mode 10 (8-bit wide character) 
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U = up panel address (data), D = down panel address (data), subscript = no. of MD pin, 
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Nhd = horizontal displayed characters, Nht = horizontal total characters 
Figure 2-9 Timing Charts (i) Mode 11, 12 (8-bit graphic 1 and 2) 
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U = up panel address (data), D = down panel address (data), subscript = no. of MD pin, | 
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Nhd = horizontal displayed characters, Nht = horizontal total characters 


Figure 2-9 Timing Charts (j) Mode 13 (Large screen) 
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3. CALCULATION OF CLOCK FREQUENCY 

3.1 Calculation of DCLK 

3.1.1 In asynchronous frame buffer access 

LCTC operation clock frequency (DCLK) is specified depending on density of 
information on a screen and MPU memory access time. 


The following shows how to calculate DCLK minimum frequency when the MPU is 
given top priority in accessing a frame buffer, that is, asynchronous access. 


The symbols used in the following expressions are: 


fpcLK: DCLK frequency (Hz) 
fe: frame frequency (Hz) 


Number of horizontal and vertical dots are defined as shown in figure 3-1. 


(1) All modes except mode 13 


f = humber of horizontal dots + 16 x» <number of vertical dots> x fy x 4 
DCLK 3 a F 


* 16 is divided by 2 only in dual screen modes. 
(2) Mode 13 


f = number of horizontal dots + g x <number of vertical dots> x frp x 4 
DCLK i F 


Horizontal dots Horizontal dots 


Vertical Vertical 
dots dots 


(1) Single Screen (2) Dual Screen 





Figure 3-1 Screen Configuration and Definition of Number of Dots 
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3.1.2 In synchronous frame buffer access 


There are two methods for the MPU to access a frame buffer synchronously with 
the LCTC. One uses DISPTMG signal and the other uses cycle-steal. 


This section first describes how to calculate DCLK when the MPU accesses a frame 
buffer with DISPTMG signal. 


LCTC timing for one display period includes a time interval for which LCTC does 
not access memory. During this period the MPU can access memory. 


Figure 3-2 shows the timing diagram for 1 raster period. This period's com- 
ponents are listed in table 3-l. 


Table 3-1 1 Raster Period 


RTA TY 
INUe L 


t PTMG CLl Period 
1 LCTC Memory 


S 
High Low n° Toc ike Nhd 


e DL 


ii 
Access Time 


2 DRAM Refresh Time Low High 64*TpcLK 
3 MPU Memory Access Time Low Low n¢«Tpcyk?(Nht + 1 - Nhd) - 
64 *TDCLK 
Notes: 1. Nhd = number of horizontal displayed characters 
Nht = total number of horizontal characters (data to be written) 


TpcLK = DCLK period 


2. n= constant 


Relation between Mode No. and Constant n 


Mode No. Constant n 


DISPTMG SECTION 


eee eee See ee eee (| reer ere ee aes 


| LCTC memory access | DRAM | MPU memory | 


TLCTC Refresh access 
TpRAM ImpuU 


| l raster period Tras 





Figure 3-2 LCTC 1 Raster Period 
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There is the following relation between TRAS, TF (frame time), and Nd 
(multiplexing duty ratio, the set value in (R19) and (R20) ). 


Tr = n*Tpcl~K(Nht + 1)(Nd + 1) 


Thus the following expression is derived from the relation. 


Tr 1 


T = een T: © cere erect vernceenenneasnemnrensmnenamanananannietaa 
DOLK “\ Na + 1 MPU n+Nhd + 64 


Tp depends on the characteristics of liquid crystal, and Nhd and Nd depend on 
screen size as explained in chapter 1. Therefore, the value of Tpcyx is spe- 
cified by Typy. 


Tmpy depends on software and on the operation speed of the MPU. Refer to "5.1 
Basic Application Circuit," which gives an example. 


If Tpcux is determined, Nht is also determined by the following expression: 
T 
Nht = : _ 
n° Toc~k ° (Nd + 1) 
The user should take into account the following limitations: 
(1) Tpcyux 2 100 ns 
(2) 1 S$ Nhd < Nht + 1 < 256 


(3) 
Nhd + & < whe + 1 


The following describes how to calculate DCLK when the MPU accesses a frame 
buffer using cycle-steal. 


DCLK frequency depends on the actual circuit as well as screen configuration. 
Refer to '5.2 CRTC Compatible Board," which gives an example of a concrete 
circuit using cycle-steal, and the register values. 


Generally, DCLK signal should be synchronous with the MPU basic clock in 
cycle-steal mode. Its frequency must also be higher then its frequency when 
a frame buffer is accessed asynchronously. 
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3.1.3 Other limitations 


DCLK frequency determines the frequency of memory address (MA) change and shift 
clock of an LCD driver (CL2). Thus you should check the access time of 

the memory you use and the relation between the operation clock of an LCD 
driver. Refer to "3.3 Calculation of Shift Clock (CL2)." 


For example, if HD61104 is used as a segment driver, the maximum frequency of 
DCLK is 7 MHz in modes 5, 6, 7, 8, 13, and 10 MHz in the other modes. 
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3.2 Calculation of M Clock (MCLK) 


MCLK output frequency (fycrx) is always a quarter of DCLK input frequency 
(fpcLK). However, the frequency of memory address (MA) change depends on modes. 


Table 3-2 shows this relation. 


Table 3-2 Relation between DCLK, MCLK, and MA Change 


Mode No. fMCLK MA Change Frequency 
1 ,2,3,4;35,9513 1/4 fpcix 1/4 fpcix 
6,7,8,10,11,12 1/4 fpcrx 1/8 fpcrK 


3.3 Calculation of Shift Clock (CL2) 
Table 3-3 shows the relation between CL2 output frequency and DCLK input fre- 


quency. The user should check the relation between them and the operation 
frequency of an LCD driver. 


Table 3-3 Shift Clock Frequency 


Mode No. Shift Clock Frequency 
1,2,3,4,9,10,11,12 1/4 fpcrix 
5; 63,7,8,13 1/2 £pcLK 


3.4 Calculation of Data Transfer Speed 


Data transfer speed means how many dots per second the LCTC can read from the 
memory and display on an LCD screen. 


For example, the following data transfer speed is required when performing 
display with frame frequency of 70 Hz on an LCD screen of 640 x 200 dots: 


640 x 200 x 70 = 8,960,000 (bits/sec) 


When the LCTC is used in wide character mode, the quantity of data read 

from the memory is not the same as that of data displayed on an LCD screen. 
This is because the LCTC transfers the same signal twice to an LCD driver in 
wide character mode, in which the display is doubled in width. Figure 3-3 
shows this relation. 
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Figure 3-3 Wide Character Display 
Table 3-4 shows the relation between data transfer speed and DCLK frequency. 


Table 3-4 Data Transfer Speed 


Data Transfer Speed (Mbits/sec) 


Mode No. Reading from Memory Displaying on LCD 
2,6,10 £DCLK 2 fpcLK 
1,3,4,5,7,8,9,11,12 2-fpcLK 2: fpcLK 
13 4° fDcLK 4° fpcik 


Note: fpcix = Input frequency of DCLK pin (MHz) 


SECTION 
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4. INTERFACE 


4.1 MPU Interface 


P10-P17 


SC2 (R/W) 
HD6301 HD63645F 


MPU LCTC 





RESET 


Note: HD6301 is set in mode 5. P10-P17 are used as output ports, and 
P30-P37 as data buses. SC2 outputs R/W here. 


(a) Interface of HD63645F to HD6301 


HD64180 HD64645F 


MPU LCTC 





RESET 


Note: In 80-family MPUs, 1/0 space is separate from memory space in 
software. Thus the LCTC, an I/O peripheral, needs the ANDed 
interface signals and IOE. So IOE and RD, and IOE and WR 
should be ORed to satisfy tag, the timing of CS, RD, and WR. 


(b) Interface of HD64645F to HD64180 


Figure 4-1 Interface to MPU 
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4.2 How to Access Frame Buffer 





4.2.1 Asynchronous frame buffer access 


In an LCD system with the LCTC, the LCTC accesses a frame buffer using the 
memory addresses (MAO-MA15) to refresh the display periodically. The MPU 
also accesses the frame buffer at changing the display. The MPU accesses in 
2 ways; asynchronous access and synchronous access. The former accesses 
regardless of the display state, and the latter accesses only during non- 
display time. 


Figure 4-2 shows an example of asynchronous access. When the address of the MPU 
specifies a frame buffer in asynchronous access, the output of the address 
multiplexer is switched to the MPU address bus side. Thus a part of the display 
may then flash momentarily. 


Address bus 


S Multiplexer 


Data bus 





Figure 4-2 Asynchronous Frame Buffer Access 


4.2.2 Synchronous frame buffer access I AS) a On BO)" 


Figure 4-3 shows an example of synchronous access. Here the MPU reads the 

DISPTMG output and accesses only while DISPTMG is low (horizontal retrace | 
period). In synchronous access, display does not flash since the MPU access 

does not compete with the display access. 





"5.1 Basic Application Circuit" shows a circuit example using this access 
method and a register setting example. 
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Figure 4-3 Synchronous Frame Buffer Access (1) 


4.2.3 Synchronous frame buffer access II (Cycle-steal) 
Figure 4-4 shows another example of synchronous access. Here a character clock 
time is shared between the MPU access and the display access. In the MPU 


access, READY signal stops E clock of the MPU, in order to give the MPU 
enough time to access a frame buffer. This method is called cycle-steal. 


Address bus 


Frame 
Buffer 


Data TS SSorian a Raeeeeceeeeemmee 





Figure 4-4 Synchronous Frame Buffer Access (2) 
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In this method the MPU access alternates with the display access, which causes 
no flashing. Besides, there is no loss of time since checking DISPTMG signal is 
not necessary. Therefore, this method suits a large screen of 640 x 400 

dots, However, an external circuit such as a timing generator is required. 


Figure 4-5 shows the timing chart in mode 5. The user needs to select the 
memory satisfying the following inequality. 


t'rctc > tmpa + taa + tmps 


Frame buffer output CA_| XN | RIK XU XU 


tmap + taa tvps tpn 


LCTC = time when the LCTC uses the frame buffer 
Mpyu = time when the MPU uses the frame buffer 
MAD ™ MAO-MA15 delay time of the LCTC 
= address access time of the memory 
g ™ MDO-MD15 setup time of the LCTC 
H = MDO-MD15 hold time of the LCTC 





Figure 4-5 Basic Timing of Cycle-Steal 


The MPU latches data in a frame buffer once and then reads it. This applies 
to the other modes. Refer to "2.5 Timing Charts", wr‘ch shows the timing 
chart of MAO-MA15, MCLK, and data latch timing. 


Also refer to "5,2 CRIC Compatible Board," which shows an application using 
cycle~steal and its timing. 
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5. LCTC APPLICATION CIRCUIT EXAMPLE 
5.1 Basic Application Circuit 


5.1.1 Circuit specifications 


Figure 5-1 shows a basic application circuit using the LCTC. Figure 5-2 shows 
its block diagram and data flow. Table 5-1 lists its specifications. 
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Table 5-1 Specifications of Basic Application Circuit 


Item Specifications 











Display Format ___Dual screen character display (Mode 1 or Mode 2) _ 
Character Font 8 x 8 dots . . 
DCLK Frequenc 8 MHz 


Number of Displayed 80 characters x 25 rows = 2,000 characters — 
Characters 


Frame Buffer Synchronous access (Reading DISPTMG) | 

Access Mode 

Frame Buffer 4 kbytes (SRAM HM6116 x 2) . 

Address Allocation 215 214 913 912 911 910 99 28 27 26 95 24 23 92 gl 20 
Frame buffer 0 0 0 1 * * we oe e we ke we we Ke we 


LCTC address register 0 O 1 0 % x© x x x x x x x x x O 


LCTC data register 0 O 1 0 %*x x x x x x x x x x xi id 
DISPTMG register 0 O ] ] x xX xX X X X¥ X XK X XK X X 
x --- don't care * --- 0 or 1 
Attribute Mode MD11 MDI12 =MD13 MDI4& = MDI15 


Cursor inhibit 0 0 0 0 0 
Reverse video ] 1 0 0 0 
Blinking 0 1 0 0 0 
Display inhibit 0 1 0 1 0 
Underline 0 l 0 0 1 
Note: Underline --- Lower 2 rasters (the 7th and 8th rasters) of 8 rasters con- 


structing a character row. 


SECTION 


4 





© HITACHI 
Hitachi America Ltd. ¢ Hitachi Plaza e 2000 Sierra Point Pkwy. © Brisbane, CA 94005-1819 ¢ (415) 589-8300 48A 


5.1.2 Circuit 
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Figure 5-1 (a) Basic Application Circuit 
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A—RAM CURDISP RA2 RAIL 


Notes: 1. STROBE pin of HD74LS157 is to be grounded. 
2. A cursor is off in character mode unless MD12 (C) is high. 


Figure 5-1 (b) Basic Application Circuit (MD Selector) 
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5.1.3 Circuit description 


This circuit synchronously accesses a frame buffer using the DISPTMG signal. It 
is the most basic display circuit with the LCTC. 


On this board, the MPU does not access a frame buffer until it has confirmed 
that DISPTMG signal is low and that the frame buffer is given to the MPU, by 
checking the DISPTMG register. 


Therefore, the LCTC accesses the buffer for displaying while DISPTMG signal is 
high, and the MPU accesses the buffer for drawing while DISPTMG is low. 


Figure 5-4 shows the timing chart of frame buffer access by the MPU. This is 

the timing chart when the system configuration is different from the one shown in 
figure 5-1 (a), which helps understanding of the synchronous access to the frame 
buffer using DISPTMG signal. 


Figures 5-4 (a) and (b) show the timing when the DISPTMG signal of the LCTC con- 
nects directly with the DISPTMG register (HD74LS244), not through HD74LS74 and 
HD74LS221, which differs from the circuit shown in figure 5-1 (a). Figure 5-4 
(c) is the timing chart of the same circuit as the one shown in figure 5-1 (a). 


In figure 5-4 (a), the operation clock of the MPU is 4 MHz. 

Here it takes 16 us to check that DISPTMG is low and 44 us to write the first 
l-byte data into a frame buffer. Thus, it takes the MPU 60 us in total to write 
the first l-byte data. But the period when DISPTMG is low, that is, when a 
frame buffer is given to the MPU, continues only for 35 us. Therefore, MPU 
write to a frame buffer overlaps with LCTC read from a frame buffer, which 
causes flickering of the left part of a screen. 
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Figure 5-2 Block Diagram of Basic Application Circuit 
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Figure 5<4 (b) shows the timing when the DISPTMG signal connects directly with 
HD/74L8244 and the operation clock of the MPU is 8 MHz. Here it takes 30 us to 
check the DISPTMG register and write data to a frame buffer. Therefore, MPU 
finishes writing the first l-byte data while DISPTMG is low. However, the MPU 
starts writing the second l-byte data since DISPTMG continues low for 5 us after 
writing the first l-byte data. So, the second MPU write overlaps with LCTC read 
and the left part of a screen flickers. 


Figure 5-4 (c) indicates the case in which the output of HD74LS221, which 
generates a 13-us-width pulse starting at the falling edge of DISPTMG, is con- 
nected with the DISPTMG register. In this case, since writing is performed just 
once, there are no flickering on a screen. The width of 13-us pulse can be 
obtained by the following expression. 


Pulse width = (time of DISPTIMG = low) - (time required for MPU write) 


In graphic mode, data read from a frame buffer is directly input to MDO-MDI15 of 
the LCTC. However, memory capacity is insufficient and only Q 4-kbyte memory 
(e.g. 320 x 200 dots) can be displayed. 


In character mode, 2 consecutive bytes of addresses are read out at the same 
time. The first byte is assigned to character code and the second byte to 
attribute code modifying the character. Figure 5-3 shows memory address assign- 
ment, 


HITACHI 


(a) Display screen a 


(b) Memory address 








Figure 5-3 Memory Address of Basic Application Circuit 
(In Character Mode) 
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The low-order byte (# character code) of display data is connected with 
addresses of character generator (= CG ROM) and is used for reading out 

the actual character font. Data read out of CG ROM is connected with MDO- 
MD7 of the LCTC. While the high-order byte (= attribute code) is connected 
with MD11-MD15 of the LCTC through a converter. In this way, a frame buffer 
can be considered to be divided into two memories in character mode; one is 
an attribute RAM (= ARAM) and the other a video RAM (= VRAM). Therefore, Ns 
expressed as the following expression should be programmed when setting the 
start address registers of the LCTC (R12, R13). 


Ns = <memory address seen from the MPU> x 1/2 
Figure 5-5 shows the specifications of attribute codes. 


The LCTC modes (graphic/character selection, display on/off, blinking and so 
on) can be set by controlling the external pins of the LCTC with a toggle 
switch. | 


The LCTC can be connected both with a single and a dual screen LCD module. Up 
to 320 x 200 dots can be displayed in graphic mode, and up to 640 x 200 dots in 
character mode. When displaying a larger screen, greater RAM capacity is 
required. Since outputs of the LCTC on this board are connected directly 

with an LCD module, wires between the LCTC and a module should be short. 

If the user needs long wires, the outputs of the LCTC must be buffered. 


On this board, since the MPU is an HD6301V, HD63645F, which has a 68-family 
bus interface, is adopted. When the MPU has a 80-family bus interface, 
HD64645F, which has 80-family bus interface, facilitates designing the system. 
Refer to "4.1 MPU Interface". 
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: reverse video (MD11) 
Directly inputs 1/04 of ARAM. 


s cursor (MD12) 


1/05 
CUDISP 


The AND of CUDISP and 1/05 of ARAM is taken. In order to display a cursor on 
the specified character, the fifth bit of the attribute code modifying the 
character should be 1. 


: blinking (MD13) 
Directly inputs 1/06 of ARAM. 


: black (MD15) 


1/08 Raster 
MD15 (B) 

RAl 

RA2 


0 
1 
2 
3 
4 
5 
6 
7 


The AND of RAl, RA2, and 1/08 of ARAM is taken. When the eighth bit of the 
attribute code modifying the specified character is 1, the underline shown above 
is available. 


Note: Attribute codes of the LCTC 


MDO MD7 MD8 MD9 MD1O MD11 MD12 MD13 MD14 MDI5 


cnaracter cove date“ |“ |~| alc tm | wis. 
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Figure 5-5 Attribute Codes on Basic Application Circuit "Ab 
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5.2 CRIC Compatible Board 


5.2.1 Circuit specifications 


Figure 5-6 illustrates a CRIC compatible board using the LCTC for a personal 
computer. Figure 5-7 illustrates its block diagram and data flow. Table 5-2 
lists its specifications. 


This board is software compatible with CGA (Color Graphics Adapter) of the IBM-PC. 


Table 5-2 Specifications of CRTC Compatible Board 


Item Specificatoins 


Display Format Single screen character display (Mode 5) 
__ Single screen graphic 2 display (Mode 8) 
Character Font 8 x 8 dots 
DCLK Frequenc 7 MHz 
Screen Size 80 characters x 25 rows = 2,000 characters 
(Character display) 
640 x 200 dots (Graphic display) 
Frame Buffer Synchronous access (Cycle-steal) 
Access Mode 


MCLK 
LC TC MPU LCTG MPU CTC 


Frame Buffer 16 kbytes (SRAM HM6264 x 2) 


Address Allocation Frame buffer -$A8000 to SABFFF 
External mode register $3D8 
MODE pin register $3EF 
Access time register $3EA 
LCTC address register $3D4 
LCTC data register $3D5 


Note: IBM-PC is a trade mark of International Business Machines Corporation 
(USA). 
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5.2.2 Circuit 


Address bus HD63645F /HD64645F 


400 x 600 dot 
LCD 

Module 
(LM252X) 


with LCD driver 





Figure 5-6 CRIC Compatible Board 


For drawing, when the MPU is attempting to access a VRAM, the bus keeps the MPU 
wait by inserting a wait cycle into a bus cycle of the MPU if the bus is 
occupied by LCTC display access. 


On this board, during MCLK cycle of the LCTC, LCTC display access is performed 
with MCLK = low, and MPU drawing access with MCLK = high. 
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Figure 5-7 Block Diagram of CRTC Compatible Board 
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When the MPU accesses a VRAM, IOREADY is driven low and a WAIT cycle is 
inserted. Then, after inserting WAIT cycles from the next MCLK rising edge to 


falling edge, IOREADY is driven high. WAIT cycles are no longer inserted and the 
bus cycle is then completed. 


Figures 5-8 (a) and (b) show bus timing of a VRAM. The MPU 8088, IBM-PC, oper- 
ates with a 7-MHz clock. The DCLK of the LCTC inputs a 7-MHz clock as well. 


At MPU write, since write data is already fixed, data does not need to be 
latched. WE (write enable) signal is externally generated and written. 


At MPU read, since data output by memory is valid only during MCLK = high, the 
data should be latched during this period, and the MPU should read data at the last 
falling edge of Ty state after MCLK is driven low. 


For display, since addresses output by the LCTC are connected with a VRAM only 
during MCLK = low (the first half of MCLK cycle), data output by memory should 
be latched during this period, and the data should be retained until data (MD) 
read timing of the LCTC at the second half of MCLK cycle. 
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Figure 5-8 (a) VRAM Access Timing of MPU Draw 
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Figure 5-8 (b) VRAM Access Timing of LCTC Read 
bo] = ON NTO) 


Display data read from a VRAM is directly connected with MDO-MD15 input of the 
LCTC in graphic mode. 7A 


In character mode, out of 2 consecutive bytes of addresses simultaneously read, 
the low-order byte is assigned to a character code and the high-order byte to an 
attribute code modifying the character. 





The low-order byte (character code) of display data is allocated to an address 
of the character generator (CG ROM) and is used for data read from an actual 
character font. Data read from CG ROM is connected to MDO-MD7 of the LCTC. 
The high-order byte (attribute code) is input to MD11-MD15 of LCTC attribute 
input after decoding according to the IBM-PC specifications. In this way, 
VRAM can be considered to be divided into two RAMs: ARAM (attribute RAM) and 
VRAM (video RAM). Figures 5-9 (a) and (b) show attribute codes specifications. 


The LCTC mode (graphic/character selection, display on/off and blinking) is spe- 
cified through LCTC external pins and through registers which can be written by 
the MPU. 
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Figure 5-9 Attribute Codes Description 
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In character mode, this board does not support superimposition of graphics 
and characters (OR mode) with LCTC AT input = high (conforming to the CGA 
specifications). Since the black display part on an LCD differs from CRT 
display (white on CRT), nondisplay (black) corresponds to W (white) of the 
LCTC and nondisplay (white) corresponds to B (black). 


Figure 5-10 shows an address map of the LCTC and VRAM on this board. Also, 
figure 5-11 illustrates registers on the board. 


LCTC addresses 
(6845 CRIC is allocated to these 
addresses in IBM-PC.) 


$B8000 Y 
IBM-PC 
Frame buffer addresses 


V/ 


SBBFFF 
- SECTION 


SFFFFF 


4 





Figure 5-10 Address Map of CRITIC Compatible Board 
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G/C: Graphic/character selection (graphic = 1) 
ON/OFF: Display on/off selection (on = 1) 

BLE: Blink enable 

WIDE: Wide mode (wide = 1) 


Address 
S3EF 


MODE: Mode selection 


Status register 

7 6 5 4 3 2 ] 0 
Address bee Pare wards DISP 
$3DA ee FLM ye va TMG 


DISPTMG: DISPTMG of the LCTC 
FLM: FLM of the LCTC 





Figure 5-11 External Registers Description on Board 


Connected LCD module has a 640 (width) dots x 200 (height) dots configuration 
and uses the LM250X (Hitachi), which can display alphanumerics (80 characters x 
25 rows), Chinese characters and graphics. Since data is transferred to the LCD 
module on 4-bit basis in parallel, it uses LUO-LU3 of LCTC display data 

output. The LCD module can be connected simply by bufferring LCTC output. 


Since IBM-PC uses MPU 8088, interface can be more easily performed by using the 
LCTC with 80-family bus interface (HD64645F). But on this board, the LCTC with 
68-family bus interface (HD63645F) is used for design convenience. 
Therefore, LCTC E clock is generated by using IOW and IOR signals. 
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5.3 Connection with ACRTC 
5.3.1 Circuit specifications 


Figure 5-12 illustrates an example of display using HD63484 (ACRTC) as a 

drawing processor. Table 5-3 lists its specifications. Figure 5-13 shows its 
block diagram. As shown in the diagram, floppy discs and so on can be connected 
to this board, and CP/M Plus (Ver 3.0) can be used as OS. Table 5-3 shows the 
hardware specifications of this board. 


Table 5-3 Specifications of Board with ACRTC 


Item Specificatoins 
Display Format Single screen character display (Mode 5) 


Single screen graphic 1 display (Mode 7) 


Character Font 8 x 8 dots 


DCLK Frequenc 7 MHz 

Screen Size 80 characters x 25 rows (Character display) 
640 x 200 dots (Graphic display) 

Frame Buffer Synchronous access (Time-sharing) 


Access Mode 


MCYC 
(ACRTC output) LCTC ACRTC LC TC ACRTC><LCTC 


Frame Buffer 32 kbytes (SRAM HM6264 x 4) 





Address Allocation ACRIC address register SEO 
ACRTC control register SEl 
LCTC address register SE2 
LCTC control register SE3 
SECTION 
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5.3.2 Circuit 
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Figure 5-13 Block Diagram of Board with ACRTC 
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5.3.3 Circuit description 


Since the LCTC is designed to be software compatible with the CRIC, it does not 
provide a drawing function. However, using the ACRIC as a drawing processor 
enables this function; the ACRTC draws on a frame buffer and then the LCTC 
displays the data drawn by the ACRTIC on an LCD. 


In this case, some of the ACRTC functions are disabled. 
The following ACRTIC functions are enabled. 


(a) High level command language: 38 commands including graphic drawing commands 
such as LINE, CIRCLE, ELLIPSE, PAINT and COPY with X-Y coordinates as a 
parameter 


(b) High speed graphic drawing: Maximum 500 ns/pixel 
(c) Pattern graphic drawing: Internal 32-byte pattern RAM 


(d) Drawing area detection function: Controls drawing area such as drawing inhi- 
bition outside of a specified area or detection of a particular area 


The following functions aré~disabled. 
= 


(a) Split screens 

(b) Zooming 

(c) Smooth scroll 

(d) Screen overlaying 

(e) External synchronization 
(f) Programmable cursors 


LCTC functions partially cover (c) and (d) of the above functions. For details 
of the ACRIC, refer to HD63484 ACRTIC USER'S MANUAL (680-1-28-C). 
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Table 5-4 Hardware Specifications of Board with ACRTC 


No. Item Specifications Remarks 
1s‘ Processor HD64180, ¢ = 6.144 Miz Uses external crystal of 

(MPU) 12.288 MHz 
2 Memory DRAM; HM50256 x 8 (256 kbytes) 

ROM; HM27256 (32 kbytes) 

3 ~—« Parallel Sentronics (8-bit parallel) interface 

Interface Handshake with ACK respond 
4 Serial RS-232C commumication circuit x 2 channels (Terminal setting) 

Interface (1 channel is only for terminals) 9600 bps, 8&-bit without parity, 

2-bit stop 


Uses MAX232 (Maxim) 


5 Floppy Disc Can select either double density or single density 
Interface of 5-inch both-sided disc (FM) 


Up to 4 FDD's (equivalent of FD-55B TEAC) 


6 Hard Disc HDD: DK505 


Interface 
7 ep Drawing processor: HD63484 (ACRIC) DC/OC converter supplies -Vgp of 
Interface Display processor: HD63645 (LCTC) IM250, LCD module 
DCLK = 7 Miz 
8 Power +5 V (+5%): over 1.5 A for system 


Supply 


SECTION 
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On this board, during MCYC cycle of the ACRTC, LCTC display access is performed 
with MCYC = low, and ACRIC drawing access with MCYC = high. However, since the 


ACRTC uses pins MADO-MADI5 as address bus and data bus, the memory address of 
the ACRTC should be latched. Figure 5-14 shows an address multiplexer and its 
timing chart. 


Frame Memory 


(a) Logic 


Figure 5-14 Address Multiplexer 
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2CLK Jf \K f/f Yi! (LL 
MCYC — Ff 
AS \ \ 
MAD 15 
Y ADDRESS 
MAD 0 


(b) Timing Chart 





Figure 5-14 Address Multiplexer (cont.) 


This method requires perfect synchronization of the LCTC and the ACRTC. So, on 
this board, if there is any phase difference of memory cycle between the LCTC 
and the ACRTC, the phase is adjusted by cancelling one clock of 2CLK input of 
the ACRTC. Figure 5-15 shows a synchronization circuit of the LCTC and the 
ACRTC, and its timing chart. | 
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ACRTC 


(a) Logic 


Figure 5-15 Synchronization Circuit of ACRTC and LCTC 
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(b) Timing Chart 





Figure 5-15 Synchronization Circuit of ACRTC and LCTC (Cont.) 
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Figure 5-16 shows bus timing of a frame buffer, The operation clock frequency 
ef the ACRTC is 7 MHz. DCLK of the LCTC inputs 7-MHz clock as well, 


The ACRTC writes to and read from a frame buffer while MCYC is high. Thus the 
L8373 latches address signal with the AS signal, and an external circuit 
generates the WE (write enable) signal and OE (output enable) signal for the 
memory, and then writes to the buffer. 


During the LCTC read, the address output by the LCTC is connected with a frame 
buffer only while MCYC of the ACRTC is low. Therefore, the data output by the 
memory should be latched during this period and be retained until the late half 
cycle of the LCTC MCLK, when the LCTC reads data (MD). 


Table 5-5 lists the I/O address map on this board, and figure 5-17 shows a phy- 
sical memory map, 


This board has a 256-kbit frame buffer memory, and an LCD module of up to 640 x 
400 dots can be connected. It can display alphanumerics of 80 characters x 
50 rows, Chinese characters, and graphics making the best use of the ACRTC, 


The recommended LCD module is LX252X (Hitachi). In this module, data is 
transferred on a 4-bit basis in parallel with 2 buses. Thus all of LUO-LU3 of 
the LCTC, which output display data, are used. Since the connecting wire to an 
LCD module is usually long and has large capacitance, the LCTC output should be 
bufferred. 
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Figure 5-16 Access Timing of Frame Buffer 
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Table 5-5 1/0 Address Map 


I/O Address Contents 


80 
81 
AO 
co 
Cl 
EO 
El 
E2 
E3 
E4 
E5 


512 


FDC (HD63265) status 

FDC (HD63265) data 

FDC (HD63265) DACK (at_DMA) 
Output for a printer (STB = high) 
Output for a printer (STB = low) 
ACRTC (HD63484) address register 
ACRTC (HD63484) control register 
LCTC (HD63645) address register 
LCTC (HD63645) control register 
HDC (HD63463) status 

HDC (HD63463) data 


7FFFFH 


DRAM 
(256 kbytes) 


40000H 







kbytes ROM ghost to 3FFFFH 





08000H 
O7FFFH 
ROM 
(32 kbytes) 
00000H 


Figure 5-17 Physical Address Map 
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For additional information reference: 


Section 1. LCD Cortroller/Driver LSI Data Book SECTION 


Section 2. HD66300T Horizontal Driver for TFT-Type LCD Color TV 
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Section 3. HD66840 Video Interface Controller (LVIC) Application Note 
Section 4. HD63645F/HD64645F LCD Timing Controller (LCTC) Application Note 
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1. OVERVIEW 
1.1 General Description 


The HD63645, HD64645, HD64646 (LCD Timing Controller: LCTC) is the control LSI 
for the large size dot matrix liquid crystal display. The LCTC is software 
compatible with the HD6845 (CRIC), since the programming method of internal 
registers and memory addresses is based on the CRTC. The display system can 
be easily replaced from the CRT display to the LCD, 


The LCTC offers a variety of functions and performances such as vertical and 
horizontal scrolling, and various types of character attribute functions such 
as reverse video, blinking, whitening, blackening and OR function for super- 
imposition of character display and graphic display. 


The HD63645 has a 6800 family bus interface. The HD64645, HD64646 has a 80 
family bus interface. The HD64646 is a modified version of the HD64645 with 
difference LCD interface timing. 


Since the LCTC has two 4-bit data buses, the compact LCD system with a large 
panel is provided by connecting the LCTC with the HD61104 (column driver) and 
the HD61105 (common driver) and so on. And this makes the best use of the high 
data transfer speed of the LCTC. The power dissipation is lowered by adopting 
the CMOS process. 


Address bus 


LCTC 


DCLK 
‘| Oscillator 





Character 
LUg-LU3 generator 
LDg-LD3 
F LM 
M 
CLI 
CL2 LCD 


Figure 1-1 LCTC System Configuration Example 
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1.2 


1.3 


Ordering Information 


Product Bus Timing CPU Interface Package 

HD63645_ 2 MHz 68 family oe . _ 
HD64645 4 MHz 80 famil piss cee aaah 
HD64646 4 MHz 80 family 80-pin plastic QFP(FP-80A) 
Features 


Software compatible with HD6845 


Programmable screen size: up to 1024 dots (length) 
up to 4080 dots (width) 


High speed data transfer: up to 20 MHz in the character mode 
up to 40 MHz in the graphic mode 


Selectable single or dual screen configuration 
Programmable multiplexing duty ratio: static to 1/512 duty 


Programmable character font: 1-32 dots (length) 
8 dots (width) 


Versatile character attributes: reverse video, blinking, whitening, and 
blackening 


- OR function: superimposition of character display and graphic display 


Cursor with programmable shape, blink rate, display position and on/off 
switch 


Vertical smooth scrolling, vertical scrolling by character 
Horizontal scrolling by character 


Versatile display modes (*1) programmable by the mode register: display 
switching, graphic or character, normal or wide, attribute, and blink 
enable 

DRAM refresh address output 


4- or 8-bit parallel data transfer between the LCTC and LCD driver 


Recommended LCD drivers: HD61104 (column), HD61105 (common), HD66106, and 
HD66107 


CPU interface: 68 family (HD63645) 
80 family (HD64645, HD64646) 
CMOS process 


Single +5 V +10% 


(*1) Also controlled via external pins. 
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1.4 Differences between HD64645 and HD64646 


Figure 1-1 and figure 1-2 show the relation between display data transfer 
period, when display data shift clock CL2 changes and, jdisplay data latch clock 
CL1. Figure 1-1 is no skew, and figure 1-2 is a case with skew function. 


In figure 1-1 high periods of CL2 and CL1 of HD64645 overlap. HD64646 has 
no overlap like HD64645, and except for overlap parts HD64646 is the same as 
HD64645 functionally. 


Besides, in case of skew function, phase relation between CL1 and CL2 changes. 


As figure 1-2 shows, data transfer period and CL1 "high" period of HD64646 
never overlap in case of skew function. 


MCLK 


DISPTMG | | 
ol en MCLK x 16 ah ae 


(HD64645) 


CLI pe ee ee 
(HD64646) MCLK x 11 


CL2 _ r] M7 ry 

(foro =fctk) nD 
CL2 

(fer2 = 2fucix) NG 1G NGG ih Bcf Seemeneneeeseleine ee ence sneer ene 


Note: fMCLK: Output frequency of MCLK 
fcL2: Output frequency of CL2 





Figure 1-1 Differences between HD64645 and HD64646 (no skew) (1) 
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MCLK 
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cL 2 pao -r oe ae 
(HD64645) MCLK x 16 
(ae en Te 


(HD64646) 


CL2 
{foro = fcuk) 


CL2 
(fov2 = 2fmcix) 


DISPTMG 


sat __] MCLK x 16 ee 


(HD64645) 


on een (a MCLK x 11 


(HD64646) 


eo Sonn, 
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2, SUI 
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(b) 2 character skew 





Figure 1-2 Differences between HD64645 and HD64646 (skew) (2) 


© HITACHI 
Hitachi America Ltd. ¢ Hitachi Plaza e 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 ¢ (415) 589-8300 


Table 1-1 LCTC Function Table 





Item Description 
Display Format Programmable horizontal scanning cycle by character clock time 


Programmable multiplexing duty ratio from static up to 1/512 
Programmable number of displayed characters per character row 
Programmable number of rasters per character row 
(number of vertical dots of a character row + space between character rows) 


aww cee axes GEES see cee Gee eee quem cee oceee oe oa oer eee ewe eee cee oe eee qenee oqo owe cee owe owe ome ome cere wr ee eee eo ee eee eee eee ae oe” 


Cursor Control Programmable cursor display position, corresponding with RAM address 
Programmable cursor shape by setting display start/end rasters 
Programmable blink rate, 1/32 or 1/64 frame rate 


er nr re rte nee ee ell 


Memory Renewal Memory renewal time set, either by setting horizontal total characters or by pulsing MCLK 
“Memory. ~—”~—S‘di6—bit memory address and DRAM refresh address output, memories of up to 64 kbytes x2 

@ Addressing accessible 

rr ee eee fee em i eee Pe elo eR ee eNO ee ME Pere Yee ny ee eae ae eee ae me age eae geen eee eee 

= Paging and Paging and vertical scrolling by character, by renewing start address 

> Scrolling Horizontal scrolling by character, by setting horizontal virtual screen width 

2 Vertical smooth scrolling, by renewing display start raster 

= Character .+~+~=~Reverse video, blinking, whitening, and blackening attributes enable _ Se 
Attributes 


—_—_———_ or i ee oe ee ee ee ee ee ee ee ewe ee ee ee ee eee eee ee ee eee ee ee ee ee ee ee eee ee ee eee eee 


o_o eo eee eee eer ee eee ee eee eee eee eee ee ee ee wee ee eee eee ee ee ee ee eee eee eee ee ees eee eee ee se ee ee se ee Sse eee 


OR Function Enables superimposition of character display and erephee eeeenay. 
‘LcTC Single 5 V power supply 
Configuration I/O TTL compatible except ‘RES, MODE, SKO, and SKl 


Bus connectable directly with HMCS6800 family (=HD63645F) 
CMOS process 

Internal logic perfect static 

80-pin flat package plastic 
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2. LCD (LIQUID CRYSTAL DISPLAY) DESCRIPTION 
2.1 How the LCD Performs 


The LCD is performed through screening of external lights, while the CRT display 
is performed through the internal luminescence. The LCD method makes the 
display panel thinner and the power dissipation lower. 


The following describes how the LCD performs. Without being supplied power, the 
external light is transmitted through the polarizers, because it is polarized at 
an angle of 90° by liquid crystal molecules. Then, the transmitted light is 
emitted in the same route by the reflector. Supplied power, the external light 
is not polarized, and so it cannot be transmitted through the polarizer2. Then, 
the screen is blackened. Basically, the LCD panel is structured as illustrated 
in Figure 2-1. 


The LCD driver generates the potential difference to determine on or off of the 
screen. The LCD timing controller generates data and timing signals necessary 


for the driver. 


External External 


Liquid crystal 
molecules 


Polarizer? SS 


Transmitted 
Bis 


Figure 2-1 LCD Panel Structure 
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2.2 Multiplexing Drive Method 


The LCD's on or off is determined by the potential difference generated by the 
common driver and the column driver. 


For the segment type LCD shown in Figure 2-2(1), the static drive method is 
used. In this method, the selected level voltage is constantly supplied from 
the common pin. The LCD's on or off, therefore, depends on the level of the 
voltage supplied from the segment pins. 


For the LCD screen with a large number of pixels, the multiplexing drive method 
is used. This method supplies the selected level voltage to each multiple com- 
mon pin in turn. It scans vertically and outputs to the column pin the display 
data of the raster being selected at the time. The main difference between CRT 
and LCD is that the former scans dot by dot while the latter scans raster by 
raster. 


This method requires a high data transfer speed for driving a large LCD because 
a screen must be rewritten at a speed of about 70 Hz. The LCTC offers high 
performance of 20 Mbits/sec (max) in the character mode and 40 Mbits/sec (max) 
in the graphic mode. It is most suitable to drive a large-capacity LCD. 





(1) Static Drive Method (2) Multiplexing Drive Method 


Figure 2-2 Static Drive Method and Multiplexing Drive Method 


Figure 2-3 shows LCD drive waveforms. Since the DC voltage affects the liquid 
crystals, the drive waveforms of both the common and column pins should be 
alternated. The LCD driver generates the drive waveforms from the display data. 
For more details, refer to LCD Driver LSI Data Book. 
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Common selected low 
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(Selected waveform) 
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(1) Static drive waveform 






Figure 2-3 LCD Drive Waveforms 
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(2) Multiplexing drive waveform 
(1/4 bias, 1/7 duty) 


Figure 2-3 LCD Drive Waveforms 
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3. LCTC CONFIGURATION 


3.1 LCTC Configuration 


The HD63645F/HD64645F (LCTC) is software compatible with the HD6845 (CRTC). 
Therefore the display system is easily replaced from the CRT display to the LCD 
by using the LCTC. The LCTC supports high resolution liquid crystal display and 
offers versatile character attributes. It controls the large size LCD screen 
with a variety of display functions. The pin arrangement of the HD63645F/ 
HD64645F is shown in Figure 3-2, and the internal block diagram in Figure 3-3. 


The internal configuration of the LCTC is as follows; 
(1) CRTC compatible registers (AR, RO, R1, R9-R15) 


These registers are commonly equipped for CRT screen display and LCD 
controlled by the MPU. The display format is mostly determined by them. 


(2) Registers peculiar to the LCTC (R18-R22) 


These registers are specially equipped for LCD, controlled by the MPU. The 
extended display functions are also provided by them. 


(3) Timing signal generator 
This circuit generates M, FLM, CL1, CL2 (control signals for the LCD 
driver), RAg-RA, (raster address signals), DISPTMG, and MCLK (memory access 
timing signals). 
(4) Linear address generator 
This circuit generates MAQ-MAj5, the frame buffer addresses. The LCTC 
accesses the frame buffer periodically using these address signals. It also 


generates DRAM refresh signals as shown in 6.5, "DRAM Refresh Address Output 
Function." 


(5) Cursor controller 
This circuit controls the cursor position, shape, and blinking. 

(6) LCD data converter 
This circuit converts the data transferred from the frame buffer or the 
character generator into 4-bit data and then outputs them to the LCD driver. 


It also operates the attributes such as reverse video, and OR function such 
as superimposition of characters and graphics. 
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Figure 3-1- LCD and CRT Display System 
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3.2 Pin Arrangement 





( ) is for HD64645, HD64646 


Figure 3-2 LCTC Pin Arrangement 
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3.3 Pin Functions 


3.3.1 Pin description 





_Symbol___Pin Number Name TO 
Yeci» Yoc2 17, 32 Voc 7 
GND1, GND2 37, 59 Ground - 
LUg-LU3 22-25 LCD up panel data 0-3 fe) 
LD9-LD3 18-21 LCD down panel data 0-3 0 
CL1 28 Clock 1 0 
CL2 29 Clock 2 0) 
FLM 27 First line marker 0 
M 26 M O 
MAQ-MA15 65-80 Memory addresses 0-15 0 
RAQ- RA, 60-64 Raster addresses 0-4 0 
MDg-MD7 1-8 Memory data 0-7 I 
MDg-MD15 9-16 Memory data 8-15 I 
DBo-DB7 43-50 Data buses 0-7 1/0 
cS 39 Chip select I 
E _ 41 Enable (HD63645 only) I 
R/W 42 Read/write (HD63645 only) I 
WR 41 Write (HD64645, HD64646 only) I 
RD 42 Read (HD64645, HD64646 only) I 
RS _ 40 Register select I 
RES 38 Reset I 
DCLK 33 D clock I 
MCLK 34 M clock 0 
DISPTMG 35 Display timing 8) 
CUDISP 36 Cursor display 0 
SKO 30 Skew 0 I 
SKl_ 31 Skew 1 I 
ON/OFF 53 On/off I 
BLE 51 Blink enable I 
AT 57 Attribute I 
G/C 58 Graphic/character I 
WIDE 54 Wide I 
LS _ 56 Large screen I 
D/S 55 Dual/single I 
MODE 52 Mode I 
SECTION 
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3.3.2 Pin functions 

Power supply (Vccl, 2, GND) 

Power supply pin (+5 V): Connect Voc, and Voc2 with +5 V power supply circuit. 
Ground pin (0 V): Connect GNDI1 and GND2 with 0 V. 

LCD interface 


LCD up panel data (LUg-LU3), LCD down panel data (LDg-LD3): LUg-LU3 and LDg- 
LD3 output LCD data as shown in Table 3-l. 


Clock 1 (CL1): CL1 supplies timing clocks for display data latch. 


Clock 2 (CL2): CL2 supplies timing clocks for display data shift. 
First line marker (FLM): FLM supplies first line marker. 


M (M): M converts liquid crystal drive output to AC. 

Memory interface 

Memory addresses (MAg-MA]5): MAQ-MA15 supply the display memory address. 
Raster addresses (RAg-RA,): RAQ-RA, supply the raster address. 

Memory data (MDg-MD7): MDo-MD7 receive the character dot data and bitmap data. 
Memory data (MDg-MD 15): MDg-MDj5 receive attribute code data and bitmap data. 
MPU interface 


pars buses (DBo-DB7): DBo-DB7 send and receive data as a tristate I/O common 
us. 


te select (TS): TS selects a chip. Low level enables MPU read/write of the 
LCTC internal registers. 


Enable (E): E receives an enable clock. ‘(HD63645 only.) 


Read/write (R/W): R/W enables MPU read of the LCTC internal registers when R/W 
is high, and MPU write when low. (HD63645 only.) 


Write (WR): WR receives MPU write signal. (HD64645, HD64646 only.) 
Read (RD): RD receives MPU read signal. (HD64645, HD64646 only.) 
Register select (RS): RS selects a register. Refer to Table 4-3. 


Reset (RES): RES performs external reset of the LCTC. Low level of RES stops 
and zero-clears the LCTC internal counter. No register contents are affected. 


Timing signal 
D clock (DCLK): DCLK inputs the system clock. 
M clock (MCLK): MCLK incicates memory cycle; DCLK is divided by four. 


Display timing (DISPTMG): DISPTMG high indicates that the LCTC is reading 
display data. 


Cursor display (CUDISP): CUDISP supplies cursor display timing; connect with 
MD}? in the character mode. 


Skew 0 (SKO), skew 1(SK1): SKO and SK1 control skew timing. Refer to Table 3-2. 
Mode select 

The mode select pins ON/OFF, BLE, AT, G/C, and WIDE are ORed with the mode 
register (R22) to determine the mode. 


Table 3-1 LCD Up Panel Data and LCD Down Panel Data 


oR igle Screen Ual Screen 
Pin Name —Bi ata =B1 ata 
~LU9-LU3” —sdData output” Data output Data output for up panel 
LDO-LD3 Disconnected Data output Data output for down panel 
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On/off (ON/OFF): ON/OFF switches display on and off. (High = display.) 


Blink enable (BLE): BLE high level enables attribute code "blinking" (MD13) and 
provides normal/blank blinking of specified characters for 32 frames each. 


Attribute (AT): AT controls character attribute functions. 


Graphic/character (G/C): G/C switches between graphic and character display mode. 
(Graphic display when high. ) 


Wide (WIDE): WIDE switches between normal and wide display mode. (High = wide 
display, low = normal display.) 


Large screen (LS): LS controls a large screen. LS high provides a data transfer 
speed of 40 Mbits/sec for graphic display. Also used to specify 8-bit LCD 


interface mode. For more details, refer to 5.4, "Mode List." | 


Dual/single (D/S): D/S switches between single and dual screen display. (Dual 
screen display when high.) 


Mode (MODE): MODE controls easy mode. MODE high sets duty ratio, maximum number 
of rasters, cursor start/end rasters, etc. Refer to Table 5-l. 


Table 3-2 Skew Signals 


SKO SK1 Skew Function 

0 0 No skew 

1 0 l-character clock time skew 
0 i 2-character clock time skew 
1 1 Inhibited combination 
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3.4 Internal Block Diagram 
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Counter (16 bits a ,, Cursor Start Raster 
"| Register (W) 
ursor End Raster 
Register (W) 
MAo—MAi5 4 rad Mode Register (W) 


oe peace G/c 
Mode Control LS 
ener wip 
Ze ONT 
Sn a aa aaa (OE ~ LL === Nhe 


Skew 
Control 


LU o— LU 3 <L__] seivabit Convertor Data 


| sbivAvit Converter Converter ————]Conversion 


LDo— LD3 <> Control 
| 
=z 
Skew 


Input ae 
Circuit 


a es ee ee 


——S a eens ae _— 


MDo—MDi5 CUDISP SKOSK1 


( ) is for HD64645, HD64646 (80 family bus interface) 


Figure 3-3. LCTC Internal Block Diagram 
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4. INTERNAL REGISTERS 


4,1 Internal Register Comparison between LCTC and CRITIC 


Table 4-1 Internal Register Comparison between LCTC and CRITIC 


Reg. 
No. LCTC CRTC HD6845 
AR Address register CRIC compatible Address register 
RO Horizontal total registers Horizontal total 
characters | characters 
Rl Horizontal displayed Horizontal displayed 
characters characters 
R2 ---~ Invalid registers Horizontal sync position 
R3 Se ~ Syne width 
R4 aa Vertical total rows 
R5 --- Vertical total adjust 
R6 aS Vertical displayed rows 
R7 ——— Vertical sync position 
R8 --- Interlace mode and skew 
R9 Maximum raster address CRIC compatible Maximum raster address 
R10 Cursor start raster registers Cursor start raster 
R11 Cursor end raster Cursor end raster 
R12 Start address (H) Start address (H) 
R13 Start address (L) Start address (L) 
R14 Cursor address (H) Cursor (H) 
R15 Cursor address (L) Cursor (L) 
R16 --- Invalid registers Light pen (H) 
R17 --- Light pen (L) 
R18 Horizontal virtual Additional ~—— 
Screen width registers 
R19 Multiplexing duty --- 
ratio (H) 
R20 Multiplexing duty --- 
ratio (L) 
R21 Display start raster --- 


R22 Mode register eer 


The LCTC is provided with unique internal register configuration to allow 
display compatible in software with the CRTC. 


As seen from Table 4-1, the LCTC registers are composed of "CRTC compatible 
registers", "invalid registers" and "additional registers", The "CRTC com- 
patible registers" are registers required for CRI/LCD diaplay. The "invalid 
registers" are registers required for CRT display, not for LCD, or replaceable 
with another concept. The "additional registers" are indispensable for LCD 
or provided with functions greater than the CRTC. 


The LCTC never accepts an entry of "invalid registers" No. into the address SECTION | 
registers even if attempted. ‘| 


D 
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Table 4-2 Internal Register Configuration 


Seglaeey’ fae 
Register | No. | Register Name Program Unit Symbo Sil en ee ee 
43210 




































































i] -|----- Invalid Uh 

0 aS oS Address register - 7) 

0 : 0000 Horizontal total characters *lj Character 77 AEE 

0 1;0000 Horizontal displayed characters | Character 

0}; 1/0100— | Maximum raster address Raster Yauam 

Oo; 11;0101° Cursor start raster Raster 

0; 11/0101 |-Cursor end raster Raster Yaaam 

0; 1;0110 Start address (H) Memory address 

of; 1};0110 Start address (L) Memory address 

Oo; l1jJO1l11 1 Cursor address (H) Memory address 

Oo; 14/0111 Cursor address. (L) Memory address 

Oo; 17/1001 | Horizontal virtual screen width | Character 

Oo; 17/1001 | Multiplexing duty ratio (H) Raster SISVISV SSVI SASS MS LV SS 

oj 1/1010 Multiplexing duty ratio (L) *l] Raster i 

0 1;1010 | Display start raster Raster i ( 

0 1/1011 Mode register * YY ON/ | G/T | WIDH BLE | AT 
A ALL /\ OFF : 





Notes 1) (@: Invalid data bits. 
2) R/W shows whether the CPU can only write into the register, or can both write into and read from 
the register. 


IHOVLIH © 


W : Only writing into is possible. 
R/W: Both writing into and reading from are possible. 


3) The "value to be specified - 1" should be programmed in *l-marked registers. 
4) The data bits 5 and 6 of cursor start raster register control the cursor display as shown below. 
(For more details, refer to 10.2.1.) 





Cursor Blink Mode 
Cursor on; without blinking 
Cursor off 

Blinking every 32-frame 
Blinking every 64-frame 











Mme © Oftd 
mH OF O}'d 


5) The registers R2-R8, R16, and R17 are not assigned for the LCTC. Programming these register Nos. will be 
ignored. 
6) The OR of the MODE pin status and the register data marked with *2 determines the mode. 


UOTZIBANBTJUOD AdIsTZay Teurzsqul Z*y 
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Table 4-3 Internal Register Description 

















Reg. 

No. Register Name Description 

AR Address register Specifies the internal control registers (RO, Rl, R9-R15, R18-R22) address to be 
accessed (5 bits). 

RO Horizontal total characters Specifies the horizontal scanning period (8 bits). 

Rl Horizontal displayed characters Specifies the number of displayed characters per character row (8 bits). 

R9 Maximum raster address Specifies the number of rasters per character row; including the space between 
character rows (5 bits). 

R10 Cursor start raster Specifies the cursor start raster address and its blink mode (5 + 2 bits). 

Rll Cursor end raster Specifies the cursor end raster address (5 bits). 

R12 Start address (H Specifies the display start address (16 bits). 

R13 ~=Start address (L 

R14 Cursor address (H) Specifies the cursor display address (16 bits). 

R15 Cursor address (L) 

R18 Horizontal virtual screen width Specifies the number of characters of a character row in memory space, for 
horizontal scrolling (8 bits). 

R19. Multiplexing duty ratio (H) Specifies the number of rasters of a screen (16 bits). 

R20 Multiplexing duty ratio (L) 

R21 Display start raster Specifies the display start raster address of the first character row, for smooth 

! scrolling (5 bits). 
R22 Mode register Controls the display mode (5 bits). 


* For more details of registers, refer to 4.4, "Internal Register Functions." 


7) 
m 
eo) 
a 
Oo 
Zz 
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4.4 Internal Register Functions 


(1) Address register (AR) 


(2) 


(3) 






AS Ae a TEC 


aor ister address 








This register selects specified one out of 13 kinds of data registers. The 
address data is written into the address register through DBg-DBy, pins when 
RS = low (RS = high for data registers). If no register corresponding to a 
specified address number exists, the address data will be ignored. 


Horizontal total characters register (RO) 


tts Pot ae tL 8 acacter 
Character 


Nht (Total characters - 1) 
















This register specifies the horizontal scanning period. The LCTC occupies 
a memory during the horizontal scanning period. Memory contents must be 
rewritten within the horizontal retrace period (horizontal total characters 
- horizontal displayed characters). 


The unit of set value (Nht) of this register is the number of characters, 
not time. So the horizontal scanning period must be converted into the 


number of characters. How to determine the horizontal total characters will 
be explained in 7.4.2. 


Horizontal displayed characters register (R1) 


fr7iT6}, 5,4] 32,1] 0) 
Nhd (Displayed characters) ' Character 









This register specifies the number of displayed characters per character 

row. The horizontal character pitches are 8 dots for normal character 
display and 16 dots for wide character display and graphic display. Nhd 
should be obtained by dividing the number of horizontal dots of an LCD screen 
by 8 or 16 dots respectively. Note that the relation between Nht and Nhd has 
the restrictions shown in 4.5. 


Nhd = 00001101 (binary) |HiD,6:3.6:4,5:F 


t t 
’ { 
t ! 
' ! 
' t 
' { 





Display characters) 





Figure 4-1 Example of Setting the Horizontal Displayed Characters 
for Normal Character Display 
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(4) Maximum raster address register (R9) 





Raster 


This register specifies the number of vertical dots (rasters) per character 
row, consisting of 5 bits. $00 (character composed of a vertical dot) up to 


SIF (character composed of 32 vertical dots) can be programmed in this 
register. 


Nr should be n -— 1, when the number of rasters in a character row is n. 


This register is invalid when the mode is set for the graphic 1 display 


(mode 3, 7, 11, or 13.) However, RAO-RA4 pins operate according to the 
programmed value in this register. 


Through LCD driver 
EEREREE 
MD9-MD7 _LUg-LU3 ze Ze 
LDQ-LD3 


LCTC 


LCD 


C.G.ROM data 





Figure 4-2 Display Example in which Maximum Raster Address is Specified 7 


(5) Cursor start raster register (R10) 








7 | 6} st 4 fst 2tirdto | 
| - | B | P | Nes (Raster address) | 





| Program Unit | R/W | 





Raster W 


This register specifies the cursor start raster address and its blink mode. 


This register is invalid when the mode is set for the graphic display 
(mode 3, 4, 7, 8, 11, 12, or 13). 







Cursor blink mode 


Cursor on; without blinking 
Cursor off 


Blinking every 32-frame 
64-frame 





SECTION 


5 





32- or 64-frame 
Figure 4-3 Cursor Blink Mode 
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(6) Cursor end raster eiaeeneee (R11) 






[Data Bit SSC~*~“C*é‘“;*SCSCSC Program Unit | R/W] 
rope ier 
ae ee ee 


Nce (Raster address) 









Raster 


This register specifies the cursor end raster address. Together with (R10), 
it determines the cursor display raster position and cursor height. The 
following condition must be satisfied in setting (R11); (R9) 2 (R11) 2 (R10) 


This register is invalid when the mode is set for the graphic display 
(mode 3, 4, 7, 8, 11, 12, or 13). 


Raster | 
eal 
Reet 


ALMA ne 
aa 1 WZZZLLLZ LILA 


(R9) = 7, (R10) = 5, (R11) = (R9) = (R10) = (R11) = 





Figure 4-4 Relation among (R9), (R10), and (R11) 
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/ 
} 


(7) Start address registers (H/L) (R12/R13) 














PF Cat bit sf Program Unit | R/W_ 
716} 5} 4 ft 3 f 2f if 0 | 
Start address (H) Memory R/W | (R12) 
Start address (L) address (R13) 








Each register specifies the frame buffer read start address. The data read 
will be displayed on the upper-left end of the screen. Rewriting this 
register facilitates paging and scrolling. This register is composed of 16 
bits of (R12) + (R13). 






































0 ° 
CU be 3 
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~~ lol oO 
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© ° 0 Pf - ] 
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Pe > 9 >» o 
w | w he 
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Horizontal scrolling Paging 


Figure 4-5 Example of Start Address Renewal (Nhd = 8, Nir = 10) 


(8) Cursor address registers (H/L) (R14/R15) 











Data bit 


| Program Unit | R/W | 












(7 {[6[5f[4f[3f2 [1] 0 
Cursor address (H) Memory R/W | (R14) 
Cursor address (L) address (R15) 





Each register specifies the cursor display address. Cursor display requires 
setting of (R10) and (R11), and the CUDISP pin should be connected with MDj9 
(in the character mode). For more details of cursor control, refer to chapter 
10. If no cursor address is in a space being displayed, read data from the 
register to make a check. This register is composed of 16 bits of (R14) + 
(R15). 


This register is invalid when the mode is set for the graphic display 
(mode 3, 4, 7, 8, 11, 12 or 13). 





Cursor address Display area Display area Cursor address 


HITACHI 
LcTc _ 


SECTION: 


D 





Memory area Memory area 


Figure 4-6 Example of Cursor Address Difference 


@ HITACHI 
Hitachi America Ltd. ¢ Hitachi Plaza « 2000 Sierra Point Pkwy. © Brisbane, CA 94005-1819 © (415) 589-8300 23 


24 


(9) Horizontal virtual screen width register (R18) 


[Program Unit [ R/W | 





ae a ES 
Nir (No. of chars. of virtual screen width) Character | 


This register facilitates iopisontal scrolling by character by setting the 
memory width larger than the number of horizontal displayed characters. 
Conventionally, a display area has a continuous memory address configuration, 
as shown in Figure 4-7(1). However, this register enables the display to be 
a two-dimensionally wide memory space is looked in, shown in Figure 4-7(2). 
When you do not use this function, write the same value as that in the 
horizontal displayed characters register (Rl). 


ee eseetoeone sors 
e 


Display Horizontal displayed characters 
screen Horizontal virtual screen width 





Figure 4-7 Display without Virtual Screen Width (1) 
and with Virtual Screen Width (2) 


(10) Multiplexing duty ratio registers (H/L) (R19/R20) 


Raster | (R19) 
Ndl (Number of rasters - 1) (R20) 


*: Number of rasters - l 





This register specifies the number of common output pins required for an 
LCD screen by both of (R19) and (R20). 


o Single LCD screen: (Register set value) = number of vertical dots - 1 


number of vertical dots 
o Dual LCD screen: (Register set value) = ————————————————_ -_ 1 


2 


Remember to keep the following conditions about the data transfer speed 
specified by mode setting (refer to Table 5-1); 


(Number of horizontal dots) x (number of vertical dots) x (frame frequency) 
< (data transfer speed) 
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Dual screen configuration 


Column driver (up panel) 


640 










LCD 


400 x 640 dots 


1/200 duty 





640 


Column driver (down panel 









Single screen configuration 


LCD 





Common 





driver 400 x 640 dots 


1/400 duty 


Figure 4-8 Multiplexing Duty Ratio and Screen Configurations 


SECTION 
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| (11) Display start raster register (R21) 





| Data Bit t—“‘CSCCOCOC#C#C#C#” Program ‘Unit ‘(| R/Wi 
7] 6757473 [2 {1{[ 0 | 
| - | - | = | Nsr (Raster address) Raster 





This register specifies the start raster of the character row displayed on 
the top of a screen, facilitating vertical smooth scrolling. When the 
register is set, the display start raster should be equal or less than the 


maximum raster address. For the example of smooth scrolling, see Figure 
4-9 ° 


This register is invalid when the mode is set for the graphic display 
(mode 3, 4, 7, 8, 11, 12, or 13). 


Raster 
address 


“IM C1 Got 


0 
1 
2 
3 
4 
5 
6 
7 


0 
1 
2 
3 
4 
5 
6 
7 


Start address 


(R12) = (R13) = O (R12) = (R13) = 0 (R12) = (R13) = 0 (R12) = (R13) = O (R12) 


(R13) 
Display start raster 


(R21) = 0 © (R21) = 2 (R21) 


Figure 4-9 Example of Smooth Scrolling 
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(12) Mode register (R22) 


Data Bit 





| R/W 
3 | 2 | 1 [04] 
ON/OFF | G/C | WIDE 


The OR of the data bits of R22 register and the external pins of the same 
name determines a particular mode (Figure 4-10). ; 


AT 

= | _4 
BLE 

(Data bit 1) 

WIDE 

(Data bit 2) 

G/C 

(Data bit 3) 

ON/OFF 

(Data bit 4) 


Mode register ON/OFF G/C WIDE BLE AT 
(R22) (Pin 53) (Pin 58) (Pin 54) (Pin 51) (Pin 57) 





Figure 4-10 Correspondence between Mode Register and External Pins 


Notes: 1. AT (valid only when G/C is low (character mode)) 
AT = high; Attribute functions enabled, OR function disabled. 
AT low; OR function enabled, attribute functions disabled. 


2. BLE (valid only when G/C is low (character mode)) 
BLE = high; Blinking enable on the character specified by attri- 
bute RAM 
BLE = low; No blinking 


3. WIDE (valid only when G/C is low (character mode) ) 
WIDE = high; Wide display enabled 
WIDE = low; Normal display 


4. G/C 
G/C = high; Graphic 1 mode display (when AT = high) or graphic 2 
_ mode display (when AT = low) 
G/C = low; Character display 


5. ON/OFF SECTION 


ON/OFF = high; Display on state : 
ON/OFF = low; Display off state 5 
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4.5 Restrictions on Programming Internal Registers 


Note when programming that the values you can write into the internal 
registers is restricted as shown in Table 4-4. 


Table 4-4 Restrictions on Writing Values into the Internal Registers 








Function Restrictions : Registers 
1 < Nhd < Nht + 1 ¢ 256 
| RO, Rl 
Nhd eo < Nht + 1 
m *] = 
(No. of vertical dots) x (no. of horizontal dots) x 
(frame frequency;fppm) <¢ (data transfer speed;V) 
Display Format Rl, R19 
{ 5} 2 x (Nd + 1) x Nhd x{ 83 frRM < V R20 
Nhd < Nir Rl, R18 
0 ¢ Nd ¢ 511 | R19, R20 
0 ¢ Nes § Nee R10, Ril 
Cursor Control 
Nee ¢ Nr R10, R9 
Smooth Scroll Nsr ¢ Nr | R21, R9 
Memory Width 0 ¢ Nir ¢ 255 R18 


Set 





*1 om varies according to the modes. See the following table. 


Mode No. m 
5,9 ] 
1,6,7,8,10,11,12,13 2 
2,3,4 4 


*2 Set 1 when an LCD screen is a single screen, and set 2 when dual. Modes are 
classified as shown in the following table. 


Mode No. Value 
5,6,7,8,9,10,11,12 1 
1,2,3,4,13 2 


*3 Set 8 when a character is constructed with 8 dots, and set 16 when with 16 
dots. Modes are classified as shown in the following table. 


Mode No. Value 
1,5,9 8 
2;3,4;6,7,8,10,11,12,13 16 
Concerning mode number, refer to Table 5-2. 
HITACHI 
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4.6. Restrictions on Usage of Internal Registers 

Rewriting the values in the registers from bus side asynchronously with the 
display operation may cause momentary flickering of the LCD. That is because 
the values set in the internal registers of the LSI directly control the 

LCD. The following registers allow you to rewrite the values during the display. 
(For more details, refer to "APPENDIX A." 


(1) Cursor register 


In writing values frequently into the cursor register for moving the cursor, 
write while DISPIMG is low. 


(2) Start address register 


In writing values frequently into the start address register for scrolling or 
paging, write while DISPTMG is low. 


(3) Display start raster register 


In writing values frequently into the display start raster register, write 
while DISPIMG is low. 


Writing values into the other registers during the display is undesirable. 
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5. LCD SCREEN CONFIGURATION AND MODE SETTING 
5.1 LCD System Configuration 


In constructing an LCD system, you need to choose a single screen or dual screen 
unlike CRT. | 


A single screen costs less than a dual screen because of the small number of 
column drivers for a display and of its small mounting size. However, it has 
limitations considering the duty ratio, the LCD drive voltage, and the 
display quality of the liquid crystal. A dual screen is then necessary. 


Besides, the LCTC is also capable of transferring LCD data on an 8-bit basis, 
which is convenient when the interval between pins supplying signals to the 
LCD panel is narrow. Transferring LCD data on a 4-bit basis is sufficient 
in using the usual LCD,screens such as a single screen of 640 x 200 dots and 
a dual screen of 640 x 400 dots. 


Fy 


M4 
@ 
> 
ord 
he 
~~ 
& 
: 
je) 
O 


LCD down panel 


Common driver 


Down panel column driver 


(2) Dual screen display 
Figure 5-1 System Configuration Comparison of 
a Single Screen and a Dual Screen 
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5.2 Each System Configuration 
5.2.1 Dual screen, 4-bit x 2-channel data transfer 


Construct a system shown in Figure 5-2 
when the mode is l, 2, 3, 4, or 13. Up panel 
column driver 


Up panel 





The LCTC internally controls the memory 
addresses and the raster addresses in 

the character mode even when a dual 
screen is used. Therefore the characters 
spreading over the up and the down 

panel are displayed without a break just 
as when a single screen is used. Using 
HD61105 or so as the common driver lessens 
the number of drivers since it enables 
connecting the output pins over the two 
panels. 














Down panel 


Down panel 
column driver 


Common driver 







Figure 5-2 
System Configuration of a Dual Screen, 
4-Bit x 2-Channel Data Transfer 


5.2.2 Single screen, 4-bit data transfer 


Construct a system shown in Figure 5-3 
when the mode is 5, 6, 7, or 8. 


Display data appears at the pins LUg-LU3 
in this system. Do not connect any wire 
with LDg-LD3 since they are not used here. 


This system has limitations as to screen 
size depending on the drive voltage of 
the LCD drivers you use although it 
requires less number of column drivers 
‘than a dual screen does. 


Common driver 





Figure 5-3 
System Configuration of a Single Screen, 
4-Bit Data Transfer 


5.2.3 Single screen, 8-bit data transfer 


Construct a system shown in Figure 5-4 
when the mode is 9, 10, 11, or 12. 


Data is transferred on an 8-bit basis 
(LU9-LU3 (4 bits) + LD9-LD3 (4 bits)) 
here. The data transfer capacity and 
other restrictions are the same as 
those of the modes of a single screen, 
4—bit data transfer. 


m=) = 64 We)! 


re 
oy) 
> 
ae 
uM 
ae) 
=} 
: 
O 
oS) 





Figure 5-4 
System Configuration of a Single Screen, 
8-bit Data Transfer 


D 
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5.3 Mode Setting 
The LCTC supports the following system configurations; 


(1) Single or dual screen configuration 
(2) 4- or 8-bit LCD data transfer 


and the following display formats; 


(1) Normal or wide character display 
(2) Graphic 1 mode or graphic 2 mode display 


The LCTC also supports the mode for a large screen display whose data transfer 


speed is 40 Mbits/sec (max). (However, it supports only the display of a dual 
screen, graphic 1 mode.) 


Table 5-1 Mode Selection 


System Configuration Display Format 
Screen 
















LCD Data Characterf Normal/ | Attribute/ | Maximum Data | Mode 
Transfer Graphic Wide OR Transfer No. 
Speed (MBPS) 
Normals AT 20 5 
Character | OR 
| Wide AT 10 6 
Single- Normal OR 
Graphic 1] ---------------------- 20 7 
Graphic: 2 S==s=-S=84s<sss=+s-<<= 20 8 
4—bit . Character+ Normal] AT 20 ‘uk 
OR 
Wide AT 10 2 
Normal OR 
Dual Graphic (1b Hss=s$-=4456S45428—44=> 20 3 
Graphic. 2 <=s<s-ssSss-eesose=s== 20 4 
Large Graphic |] -------<--------------- 40 13 
Normal AT 20 9 
Character _ OR 
Wide AT 10 10 
8-bit —- Single~ Normal- _OR 
Graphic 1 ---------------------- 20 ll 
Graphic 2 ---------------------- 20 12 
© HITACHI 
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5.3.1 Screen configuration selection 


The screen configuration of the LCTC display system should always be dual in the 
following cases; 


(1) The number of the vertical dots (parallel with the common driver) of a 
screen exceeds 512 regardless of the number of horizontal dots (parallel 
with the column driver). 


(2) Although the number of the vertical dots of a screen does not exceed 512, 
sufficient contrast is not available owing to the lack of LCD drive voltage. 
(Modes 5 and 9 should be switched to mode 1, modes 7 and 11 to mode 3, and 
modes 8 and 12 to mode 4.) 


(3) The graphic display requiring the data transfer speed higher than 20 Mbits/ 
sec is necessary. (Modes 7 and 11 should be switched to mode 13.) 


5.3.2 Display format selection 


The LCTC provides 4 display formats; 2 character displays (normal and wide 
character displays), and 2 graphic displays (graphic 1 and 2 mode displays). In 
using the LCTC, you need to choose one of these displays. (See Table 5-2.) 


(1) Normal character display (modes 1, 5, and 9) 


Normal character modes receive the data of the C.G.ROM according to the VRAM 
data and display the characters of 1-32 vertical dots x 8 horizontal dots 
(fixed). Of all the memory data, dot data is sent to the pins MDQg-MD7 and 
attribute data to the pins MDg-MD]5. 


In these modes, the LCTC can access up to 64 kbytes of the RAM, and also the 
CUDISP signal appears depending on the values set in the register. (See 
6.1, "Timing Charts.") 


LCD module 


LU, LD} 





Figure 5-5 Examples of System Configuration and 
Display of the Normal Character Mode 


SECTION 


(2) Wide character display (modes 2, 6, and 10) 


These modes are realized with the same system configuration as that of the , ‘ 
normal character mode. Each character is doubled in width to have 16 hori- | 
zontal dots (fixed) as shown in Figure 5-6. The ARAM data is considered to 


be attribute data also in these modes. Conditions mentioned about the RAM 
access capacity and the CUDISP signal in the normal character mode applies 


here, too. 
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Figure 5-6 Display Example of the Wide Character Mode 


(3) Graphic 1 mode display (modes 3, 7, and 11) 


These modes display the bitmap data of 2 bytes per 1 address (ARAM; 1 byte + 
VRAM; 1 byte). The memory addresses increase linearly in the same frame. 


How the raster addresses change depends on the values set in the maximum 
raster address register (R9). 


The CUDISP signal is fixed low and attribute data is invalid. 


The RAM access space is 128 kbytes (max). 


ARAM VRAM LCD module 
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REN, CRA AEA 
SEV °n~aye 


Figure 5-7 Examples of System Configuration and 
Display of the Graphic 1 Mode 
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(4) Graphic 2 mode display (modes 4, 8, and 12) 


These modes are the same as the graphic 1 mode in that the LCTC displays the 
bitmap data of 2 bytes (ARAM + VRAM). How the memory addresses change 
depends on the values set in the maximum raster address register (R9) as in 
the character mode. (See Figure 5-8.) 








(a) Number of horizontal 
displayed characters 


(b) Horizontal virtual 
screen width 


















1 character row 


Memory address 






we Va (b) 





Time 





(i) How the memory addresses change in the character mode 
and in the graphic 2 mode | 
(1 frame = 4 character rows, 1 character row = 4 rasters) 





1 frame 





11 raster 


(b) 
ote. 


(ii) How the memory addresses change in the graphic 1 mode 
(1 frame = 5 rasters) 


Memory address 


Time 





~ SECTION 


5 


Figure 5-8 How the Memory Addresses Change in Each Mode 
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ARAM VRAM LCTC LCD module 
LU,LO 


MAQ-MA15 





Figure 5-9 Examples of System Configuration and 
Display of the Graphic 2 Mode 
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5.4 Mode List 


The LCIC provides 13 mdes classified depending on the display methods and system configurations. 


Table 5-2 Mode List 


: Screen Graphic Wide Data Transfer Speed 
Item No. Mode Name Pin Name Config- or Data or Attri- (bits/sec) 
D/S G/C LS WIDE AT uration Character Transfer Normal bute (DCLK Frequency x_n) 
1 Dual screen normal character 1 0 0 0 0 OR 
1 0 0O 0 1 Normal AT x 2 
2 Dual screen wide character 1 0 O 1 O Character OR 
1 1 0 oO 1 1 Dual 4-bit x 2 Wide AT x 1 
3 Dual screen graphic 1 1 1 0 0 1 
4 Dual screen graphic 2 1 1 0 0 O Graphic - - x 2 
5 Single screen normal character 0 0 0 OO O OR 
0 0 0 0 1 Normal AT 
6 Single screen wide character 0 0 0 1 O Character OR 
2 0 0 0 1 1 4-bit Wide AT x 1 
7 Single screen graphic 1 0 1 0 0 1 
8 Single screen graphic 2 0 1 0 0 0 Graphic - - 
9 8&bit normal character 0 0 1 0 0 _— Single OR x 2 
0 041 0 1 Normal AT 
10 98-bit wide character 0 0 1 1 0 Character OR 
3 0 041 1 1 8-bit Wide AT x1 
ll 8&bit graphic 1 01 1 0 41 
12 _8-bit graphic 2 0 1 1 #0 0 Graphic - - x2 
4 13. ‘Large screen 11431041 Dual 4-bit x 2 x4 





The LCIC display mode is determined by pins D/S (pin 55), G/C (pin 58), LS (pin 56), WIDE (pin 54), and AT (pin 57). As for G/C, WIDE, and 
AT, the OR is taken between data bits 0, 2, and 3 of the moe register (R22). 


Note; The above 5 pins have 32 kinds of status combinations (1 or 0). Any combination other than the above is inhibited. 
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6. HD63645F/HD64645F (LCTC) PERFORMANCES 


6.1 Modes and Timing Charts 


6.1.1 Modes and screen size 


Figure 6-1 shows the relation between the LCTC internal registers and the display 
screen, 


Horizontal total characters (RO) 





























(R21) 
Start Horizontal displayed characters (R1) 
raster 
REINER 
[Fs oe 
See) 
| 
Cae eae Start address (R12) 
fe nee a Nea ; 
ae 
oa Pe ate Seca! 
= § 
ez 
‘aN Display period CPU 
28 | Memory write time 
pp Horizontal 
gz I character 
ao] 3 t 
a ee Display start 
o ai ' raster address 
2 35 ! Maximum (R21) 
£ss raster 


address 
(R9) 


(1 character) 


Figure 6-1 Relation between the Registers and the Display Screen 


The relation between the values set in the internal register and the display 
screen size differs from mode to mode. See Table 6-1. 
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No. 


Modes No. 


Screen Size 
No. of 
Character Screen Horizontal 
or Config- Dots of a 


No. of 
Horizontal 
Dots of a 


Graphic uration Character Screen Screen 


No. of 
Vertical 
Dots of a 


Table 6-1 Relation between the Values Set in the Internal Register and the 


Raster Time (ys) 








l 1 (normal ) Dual 8 8 x Nhd 2 x Nd fncLK 

(normal) Single 8 8 x Nhd Nd fpcrK 

Character lx Nht x 16 
3 2 (wide) Dual 16 16 x Nhd 2 x Nd 
4 6, 10 Character B! x Nht x 8 

(wide) Single 16 16 x Nhd Nd 

1x Nht x 16 
5 3, 4, 13 Graphic Dual 16 16 x Nhd 2 x Nd fpcLK 
| _1xNht x8 

6 7, 8, 11, 12 Graphic Single 16 16 x Nhd Nd 


Note; Nht = horizontal total characters (RO) 
Nhd = horizontal displayed characters (Rl) 
Nd = multiplexing duty ratio (R19, R20) 
fociK = DCLK frequency (MHz) 
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SECTION 


5 | 





6.1.2 Timing charts 


Figure 6-2(1)-Figure 6-2(10) show the timing charts of each mode when the values 
are set in the internal registers as follows; 


Register Set 
No. Register Name Value 
RO Horizontal total characters Nht 
Rl Horizontal displayed characters Nhd 
R9 Maximum raster address Nr 
R10 Cursor start raster Ncs 
R11 Cursor end raster Nce 
R12 Start address (H) - 
R13 Start address (L) - 
R14 Cursor address (H) ~ 
R15 Cursor address (L) - 
R18 Horizontal virtual screen width Nhd * 
R19 Multiplexing duty ratio (H) Ndh 
R20 Multiplexing duty ratio (L) Ndl 
R21 Display start raster Nsr 
R22 Mode register | - 


Note; The horizontal virtual screen width register does not function since Nhd 
is set in (R18). 


MCLK appears in a quarter period of the DCLK period in every mode, but the rela- 
tion between MCLK, the MA frequency, and the CL2 frequency differs depending on 
the modes. Table 6-2 shows the relation. Refer to this table in choosing a 
memory IC and an LCD driver. 


Table 6-2 Modes and the Frequency of MA and CL2 


Mode No. MA Frequency CL2 Frequency 
1, 2, 3, 4, 9 EMCLK f£MCLK 
5, 13 fMCLK 2 x fMcLK 
6, 7, 8 fucLK/2 2 x fcLK 
10, 11, 12 EucLK/2 £McLK 


See each timing chart about the phase relation. 


Figure 6-3 shows the timing charts of the period of a raster signal and a 
characrter row. 
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| U = up panel address (data), D = down panel address (data), subscript = no. of MD pin, 
Nhd, = horizontal displayed characters, Nht = horizontal total characters 


SECTION 


it doesnot overlap with CL2. 

For further information, refer to the LCD interface (HD64646) in 
chapter 1, 1.4 Differences between HD64645 and HD64646 or chapter 14, 
Electrical Characteristics. 


Note: In the HD64646, the CL1 high period is 11 MCLK cycles. Therefore i. 5 





Figure 6-2 Timing Charts (1) Mode 1 (Dual screen normal character) 
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= up panel address (data), D = down panel address (data), subscript = no. of MD pin, 
hd = horizontal displayed characters, Nht = horizontal total characters 


Note: In the HD64646, the CL1 high period is 11 MCLK cycles. Therefore it 
doesnot overlap with CL2. 
For further information, refer to the LCD interface (HD64646) in 
chapter 1, 1.4 Differences between HD64645 and HD64646 or chapter 14, 
Electrical Characteristics. 


Figure 6-2 Timing Charts (2) Mode 2 (Dual screen wide character) 
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U = up panel address (data), D = down panel address (data), subscript = no. of MD pin, 
Nhd = horizontal displayed characters, Nht = horizontal total characters 
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SG 
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SECTION 


re 






Note: In the HD64646, the CL1 high period is 11 MCLK cycles. Therefore it 
doesnot overlap with CL2. 
For further information, refer to the LCD interface (HD64646) in 


chapter 1, 1.4 Differences between HD64645 and HD64646 or chapter 14, 
Electrical Characteristics. 


Figure 6-2 Timing Charts (3) Modes 3 and 4 (Dual screen graphic 1 and 2) 


@ HITACHI 
Hitachi America Ltd. ¢ Hitachi Plaza « 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 © (415) 589-8300 43 


44 


PUY AP 


ws aaa _ —————— 
wu CECEEESESEREL. ee 
ws CeCe cececcc Gee (| A ¢ 


U = up panel address (data), D = down panel address (data), subscript = no. of MD pin, 
Nhd = horizontal displayed characters, Nht = horizontal total characters 


Note: In the HD64646, the CL1 high period is 11 MCLK cycles. Therefore 
it doesnot overlap with CL2. 
For further information, refer to the LCD interface (HD64646) in 
chapter 1, 1.4 Differences between HD64645 and HD64646 or chapter 14, 
Electrical Characteristics. 


Figure 6-2 Timing Charts (4) Mode 5 (Single screen normal character) 
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U = up panel address (data), D = down panel address (data), subscript = no. of MD pin, 


Nhd = horizontal displayed characters, Nht = horizontal total characters 


Note: In the HD64646, the CL1 high period is 11 MCLK cycles. Therefore 
it doesnot overlap with CL2. 
For further information, refer to the LCD interface (HD64646) in 
chapter 1, 1.4 Differences between HD64645 and HD64646 or chapter 14, 
Electrical Characteristics. 


Figure 6-2 Timing Charts (5) Mode 6 (Single screen wide character) 
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U = up panel address (data), D = down panel address (data), subscript = no. of MD pin, 
Nhd = horizontal displayed characters, Nht = horizontal total characters 


Note: In the HD64646, the CL1 high period is 11 MCLK cycles. Therefore 
it doesnot overlap with CL2. 
For further information, refer to the LCD interface (HD64646) in 
chapter 1, 1.4 Differences between HD64645 and HD64646 or chapter 14, 
Electrical Characteristics. 


Figure 6-2 Timing Charts (6) Modes 7 and 8 (Single screen graphic 1 and 2) 
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U = up panel address (data), D = down panel address (data), subscript = no. of MD pin, 
Nhd = horizontal displayed characters, Nht = horizontal total characters SECTION 
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it doesnot overlap with CL2. 

For further information, refer to the LCD interface (HD64646) in 
chapter 1, 1.4 Differences between HD64645 and HD64646 or chapter 14, 
Electrical Characteristics. 


Note: In the HD64646, the CL1 high period is 11 MCLK cycles. Therefore 5 





Figure 6-2 Timing Charts (7) Mode 9 (8-bit normal character) 
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U = up panel address (data), D = down panel address (data), subscript = no. of MD pin, 
Nhd = horizontal displayed characters, Nht = horizontal total characters 


Note: In the HD64646, the CL1 high period is 11 MCLK cycles. Therefore 
it doesnot overlap with CL2. 
For further information, refer to the LCD interface (HD64646) in 
chapter 1, 1.4 Differences between HD64645 and HD64646 or chapter 14 
Electrical Characteristics. 
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Figure 6-2 Timing Charts (8) Mode 10 (8-bit wide character) 
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U.= up panel address (data), D = down panel address (data), subscript = no. of MD pin, | 
Nhd = horizontal displayed characters, Nht = horizontal total characters S] = On TO) 
Note: In the HD64646, the CL1 high period is 11 MCLK cycles. Therefore 
it doesnot overlap with CL2. 7 
For further information, refer to the LCD interface (HD64646) in 


chapter 1, 1.4 Differences between HD64645 and HD64646 or chapter 14, 
Electrical Characteristics. 





Figure 6-2 Timing Charts (9) Modes 11 and 12 (8-bit graphic 1 and 2) 
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U = up panel address (data), D = down panel address (data), subscript = no. of MD pin, 
Nhd = horizontal displayed characters, Nht = horizontal total characters 














Note: In the HD64646, the CL1 high period is 11 MCLK cycles. Therefore 
it doesnot overlap with CL2. 
For further information, refer to the LCD interface (HD64646) in 
chapter, 1, 1.4 Differences between HD64645 and HD64646 or chapter 14, 
Electrical Characteristics. 


Figure 6-2 Timing Charts (10) Mode 13 (Large screen) 
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Figure 6-3 Timing Charts of the Period of a Raster Signal and a Character Row 
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6.2 The Number of Displayed Characters and Memory Addresses 


The memory addresses (MAg-MAj5) of the LCTC are linear addresses beginning with 
the value of the start address. They increase linearly in the graphic mode and 
the MA pins output the same address as many times as the number of the rasters 
of a character row in the character mode. Thus they can be connected directly 
with the frame buffer in both modes. 


The first address of the memory displayed on a screen can be altered freely by 
the start address registers (R12 and R13), and this facilitates paging and 
scrolling. 


The LCTC can offset the memory addresses of the first characters on the adjacent 
character rows by the horizontal virtual screen width register (R18), and this 
facilitates horizontal scrolling. 


It can also offset the raster addresses of the top character row of a screen 
by the start raster register (R21), and this facilitates vertical smooth 
scrolling. 


Figure 6-4 shows the relation between the number of displayed characters and the 
memory addresses when the horizontal displayed characters (Nhd) is the same as 
the horizontal virtual screen width (Nir) and the start address is 0. 


Although Figure 6-4 shows a case of the character mode, the address output will 
be the same as that of the graphic mode when Nr is set 0. 
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LCTC uses the memory. CPU uses the memory. 
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Figure 6-4 Relation between the Number of Displayed Characters and 
Memory Addresses when Nir = Nhd 


Notes l. [] indicates the display screen. 
2. Ref; DRAM refresh address (See 6.5, "DRAM Refresh Address Output 
Function. "') 
3. Set values in the register corresponding to the screen in Figure 6-4 








Register No. Register Name Set Value 

RO Horizontal total characters Nht 

Rl Horizontal displayed characters Nhd 

R9 Maximum raster address Nr 
R12, R13 Start address 0 

R18 Horizontal virtual screen width Nhd 
R19, R20 Multiplexing duty ratio Nd 

R21 Display start raster 0 





4. Figure 6-4 shows the screen in mode 5 (single screen, 4-bit data 
transfer, normal character mode). 
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When Nir > Nhd, an Nhd-wide "window" appears on an Nir-wide screen. Thus, 
although the display visible at a time is Nhd wide, one can see the whole 


part of an Nir-wide screen by sliding the window (= by renewing the display 
start address). 


Horizontal virtual screen width (Nir) 


Horizontal displayed characters (Nhd) 


Display start address 


Multiplexing 
duty ratio 
(Nd) 


Figure 6-5 Horizontal Virtual Screen Width (= Nir) 


Figure 6-6 shows the relation between the number of displayed characters and 
the memory addresses when Nir > Nhd. Nir defines the remainder of addresses 
at the end of each character row. This function facilitates horizontal 
scrolling. For more details, see Chapter 9, ''PAGING AND SCROLLING." 
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LCTC uses the memory. CPU uses the memory. 
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Figure 6-6 Relation between the Number of Displayed Characters and 
Memory Addresses when Nir > Nhd 


Notes: l. CJ indicates the display screen. 
2. Ref; DRAM refresh address (See 6.5, "DRAM Refresh Address Output 


Function.") 
3. Set values in the register corresponding to the screen in Figure 6-6 














Register No. Register Name Set Value 
RO Horizontal total characters Nht 
Rl Horizontal displayed characters Nhd 
R9 Maximum raster address Nr 
R12, R13 Start address 0 
R18 Horizontal virtual screen width Nir 
R19, R20 Multiplexing duty ratio Nd 
R21 Display start raster 0 3 
SECTION 
4. Figure 6-6 shows the screen in mode 5 (single screen, 4-bit data 
transfer, normal character mode). 5 
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Setting Nsr #0 (Nsr is the set value of the display start raster register 
(R21)) gives the offset to the first raster address of the first character row 
of a screen, and enables shifting the whole display vertically by the raster. 


Figure 6-7 shows the relation between the number of displayed characters and the 
memory addresses when Nsr # 0. 


This function facilitates vertical smooth scrolling. For more details, see 
Chapter 9, "PAGING AND SCROLLING." 


LCTC uses the memory. CPU uses the memory. 
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Figure 6-7 Relation between the Number of Displayed Characters and 
the Memory Addresses when Nsr = 2 


é 


Notes: l. Cj indicates the display screen. 
2. Set values in the register corresponding to the screen in Figure 6-6 








Register No. Register Name Set Value 
RO Horizontal total characters Nht 
Rl Horizontal displayed characters Nhd 
R9 Maximum raster address Nr 
R12, R13 Start address 0 
R18 | Horizontal virtual screen width Nhd 
R19, R20 Multiplexing duty ratio Nd 
R21 Display start raster 2 





3. Figure 6-7 shows the screen in mode 5 (single screen, 4-bit data 
transfer, normal character mode). 
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6.3 Cursor Timing 
Figure 6-8 shows the display patterns when values are set in the cursor start 


raster register and the cursor end raster register. The values to be set in 
these registers should satisfy the following conditions. 


(Cursor start raster register) < (cursor end raster register) < (maximum 
raster address register) 


Figure 6-9 shows the timing chart of the CUDISP signal. 
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a ss 
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ae eee ag 
P-E—-B-B-P 


0 
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2 
3 
4 
5 
6 
7 
8 
9 
0 


a 
4 


1 


Cursor start raster 9 Cursor start raster = 9 Cursor start raster 1 


Cursor end raster = 9 Cursor end raster = 10 Cursor end raster = 5 
Maximum raster address = 10 

Figure 6-8 Cursor Control 
The CUDISP output changes only in the character mode and it remains low in the 


graphic mode. Besides, the CUDISP output changes twice in mode 2 (dual screen, 
wide character mode) since the same address outputs twice. See Figure 6-2(2). 
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Figure 6-9 CUDISP Output Timing 


Note; Cursor address register = Nhd + 2 
Cursor start raster register = l 
Cursor end raster register = 3 
Mode = cursor display mode 
In the blink mode, a cursor goes on and off every 16th or 32nd field period. 


6.4 Automatic Correction of Down Panel Raster Address 


When the LCTC mode is set for character display and dual screen, memory 
addresses (MA) and raster addresses (RA) are output in such a way as to keep 
continuity of display spreading over the two panels. Therefore users can use 
the LCTC without considering the multiplexing duty ratio (the number of 
vertical dots of a screen) or the character font. (See Figure 6-10.) 


Up panel 


---- AR ha . ee ee aaa Characters keep continuity in spite of 
the break of a screen. 


Down panel 





Figure 6-10 Example of the Display in the Character Mode 


The following explains how the LCTC performs the two cases; in one case (1) a 
character row does not spread over the up and down panels, and in the other 
case (2) it does. 


(1) A character row does not spread over the up and down panels. 


When the number of the vertical dots of a screen is a multiple of that of a 
character font, the border line of the two panels coincides with the break 

of characters as shown in Figure 6-11. For example, this is applicable to 

the case when a screen size is 640 (horizontal) x 400 (vertical) dots and a 
character font is 8 x 8 dots. 


The further explanation will go along with the display example shown in 
Figure 6-11. In a dual screen, A of the up panel is transferred to the 

LCD driver simultaneously with L of the down panel, and B with M. However, 
the up panel data is latched from the memory before the down panel data. 
Thus the order of data latch here is A> L+> B+ M~>... as shown in Figure 
6-12. 


640 dots (80 characters) 


Up panel 200 dots 
(25 character rows) 


it~} enn (e)\' 


5D 






Down panel 200 dots 
(25 character rows) 





Figure 6-11 Example 1 of Dual Screen Display 
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Figure 6-12 Memory Read Timing of Dual Screen Display 


Therefore the relation between MAg-MA]5 and RAg-RA4 is to be as shown in Figure 
6-13. However, the timing of RAQ-RAy, is simplified to help an understanding of 
the figure. For more details, refer to Figure 6-3. 


raster 


raster 


raster 


raster 


MAg-MA15 


RAQ~ RA, 


MAQ-MA15 
RAg- RAY 


MAQ-MA15 


RAg- RA, 


MAQ-MA15 


RAQ- RA, 


160 addresses (80 characters x 2 


U = up panel data 
D = down panel data 





Figure 6-13 Relation between MAg-MAj5 and RAQ-RAy of the Example 1 of Dual 


Screen Display 
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(2) A character row spreads over the up and down panels. 


100 dots 
(6.25 character 


7 charact r 
vows) aracter rows 


ey: 7 5 


12 character rows 
100 dots 


(6.25character 12.5 character 
rows) rows 


Down 


8 dotsy panel 


640 dots (40 characters) 





Figure 6-14 Example 2 of Dual Screen Display 


As shown in Figure 6-14, when the number of the vertical dots of a screen is not 
a multiple of that of a character font, character row will be displayed over the 
two panels. For example, this is applicable to the case when a screen size is 
640 (horizontal) x 200 (vertical) dots and a character font is 16 x 16 dots. 


The LCTC enables continuous display since it can figure out the relationship 
between the number of the vertical dots of a screen (= multiplexing duty ratio) 
and those of the character font, and then outputs RA in a way which keeps con- 
tinuity over the two panels. 


However, when the screen is 200 dots long (up panel + down panel) and the 
character is 16 dots long, only the upper 8 dots are displayed concerning 
the characters on the 13th character row (= bottom row of the screen). 


Figure 6-15 shows the relation between MAj-MA,5 and RAg~RA,. 
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80 addresses (40 characters x 2 panels) 


U D U D U D 


U D U D U D 


U D U D U D: 
—_— eBeEacuo 


lst raster 


2nd raster 


12th raster 


13th raster 


U D U D U D 


Boe : 


U = up panel data 
D = down panel data 


17th raster 


oO 


RAg~ RA, 


Figure 6-15 Relation between MAg-MA15 and RAg-RAy, of the Example 2 of Dual 
Screen Display 
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6.5 DRAM Refresh Address Output Function 
6.5.1 Function 


The LCTC outputs DRAM refresh addresses as shown in Figure 6-16. 


DISPTMG 


Display | Display 
— memory memory 
addresses addresses 





Figure 6-16 DRAM Refresh Address Output 


The LCTC outputs 16 addresses for DRAM refresh every time a raster is scanned. 
This operation is repeated 16 times, and so it makes 256 addresses in total from 
$00 to SFF. 


However, this output is not affected by the values of the horizontal total 
characters register (RO) or the horizontal displayed characters register (Rl). 
(e.g. DISPTMG remains low for 16 MCLK cycles even when the horizontal total 
characters is the same as the horizontal displayed characters. Refer to 4.5, 
"Restrictions on Programming Internal Registers". 


When RES becomes low, all operations stop and the address is reset to $00. 


6.5.2 Restrictions on display screen 


It restricts the screen size that the number of refresh address outputs per 
raster is fixed at 16. 


Supposing the frame frequency is 70 Hz and the refreshing cycle of the DRAM in 
use is 256 cycles/4 m sec, the following relation holds true about the number SECTION 
of refresh cycles per second; 





256 , ; 
1 ti i dut i » STENTS 
6 x multiplexing duty ratio x 70 0.004 
256 
Multiplexing duty ratio >» ——————————— = 57.1 
- 16 x 70 x 0.004 
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Therefore DRAM cannot be used unless the multiplexing duty ratio of a screen is 
equal to, or more than 1/58 on these conditions. 


6.5.3 Other Notes 


It is necessary to generate the RAS and CAS timing with external circuits in 
using this function. 

In the case of HD64646, the CL1 high period does not correspond to the DRAM 
refresh address period. External circuits are necessary to generate the 
signal indicating the DRAM refresh address period. 


Use the down edge of DISPIMG as the rising timing of the signal and the down 
edge of CL1 as the falling timing of the signal respectively. 
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7. INTERFACE AND PARAMETER SETTING 
7.1 Interface to MPU 


As shown in Figure 7-1, HD63645F (LCTC) and HD64645F (LCTC) are connected to the 
standard bus of 68 and 80 family MPU's respectively. 


CS and RS signals sent from the MPU select the LCTC register. The MPU controlls 
the read and write of the data of HD63645F with R/W and E signals, while of 
HD64645F with RD and WR signals. 


When CS and RS are low, the address register of the LCTC is selected, and when 
CS is low and RS is high, one of the internal data registers is selected. 


RES signal resets the system. When RES is low, the internal logic circuit of 


the LCTC is reset. However, the internal registers RO-R22 shown in Table 4-2 
are not affected by RES, and retain their state prior to the reset. 
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P10-P17 . 


SCc2 (R/W) 
HD6301 HD63645F 


MPU LCTC 





RESET 


Note; HD6301 is set in mode 5. P10-P17 are used as output ports, and 
P30-P37 as data buses. SC2 outputs R/W here. 


(1) Interface between HD6301 and HD63645F 


HD64180 HD64645F 


MPU 





RESET 


Note; Concerning 80 family MPU's, I/O space is separate from memory 
space in software. Thus the LCTC, a part of 1/0, needs the 
ANDed signals of the interface signals and IOE. So IOE and RD, 
and IOE and WR should be ORed to satisfy tas, the timing of 


CS, RD, and WR. 


(2) Interface between HD64180 and HD64645F 


Figure 7-1 Interface to MPU 
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7.2 Interface to LCD System 
7.2.1 Basic interface to LCD system 


Figure 7-2 shows the basic interface between the LCTC and an LCD system. An LCD 
system can be constructed with a frame buffer, a character generator, and an LCD 
module. 


The LCTC outputs up to 16 memory addresses (0-65535) to a frame buffer, and up- 
to 5 raster addresses (0-31) to a character generator. The output from a 
character generator should be input to MDg-MDj5. 


The LCTC outputs FLM, M, CL2, CL1, LUg-LU3, and LDo-LD3 to an LCD module. FLM 
is a scan signal for a common driver, and M alternates the LCD drive signals. 

CL2 is a clock for shifting the data signals of a column driver, and CLl is a 

clock for latching the data signals of a column driver. LUg-LU3, and LDQ-LD3 

are display data signals. Refer to Hitachi MOS LSI Data Book LCD Driver about 
the internal system of the LCD driver. 


LCD system configuration differs from mode to mode. See chapter 5. 
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buffer 
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Figure 7-2 Interface to LCD System 
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7.2.2 Skew function 


Figure 7-3 shows an example of the LCD system to access the frame buffer -nd 
the character generator simultaneously during a character clock time. Figure 
7-6(i) shows its timing chart. This method is used when there are few horizon- 
tal displayed characters on a screen. 


When there are many horizontal displayed characters and a character clock time 
is short, another method is used. In this method the outputs of the frame 
buffer are latched once, and the character generator is accessed at the next 
cycle instead that they are accessed simultaneously. Figure 7-4 shows the 
system configuration example, and Figure 7-6(ii) shows its timing chart. The 
LCTC outputs CUDISP, DISPTMG, and CL2 a character clock time behind according 
to the skew pins (SKO and SK1), and latches the memory data also a character 
clock time behind. 


In addition, when a high speed display operation is needed and when the MA delay 
time in a character clock time comes into question, the method shown in Figure 
7-5 is used. In this method, the LCTC latches the MA outputs besides the out- 
puts of the frame buffer. Figure 7-6(iii) shows its timing chart. Since both 
of the outputs of the MA and the frame buffer are latched, the character signal 
is delayed tow characters clock time. Therefore the LCTC again delays CUDISP, 
DISPTMG, CL2, and the latch timing of the memory data two characters clock time 
according to the skew pins, and adjusts the timing. Concerning DISPTMG, only 
its negative edge is delayed and positive edge remains unchanged. ) | 


Table 7-1 shows the standards of choosing the display system configuration. 


Table 7-1 Standards of Choosing the Display System Configuration 


Relation between toy and . Block Skew pin 
Case the Access Time of FB and CG Diagram SKO_ SKi Skew 
1 tcy > FB access time + CG access time + tyap Figure 7-3 0 0 No skew 
2 FB access time + CG access time + tymap 2 tcq > FB access time + tyap Figure 7-4 0 1 1-character 
clock time skew 
3 FB access time + tyap 2 tcy > FB access time Figure 7-5 1 0 2-character 


clock time skew 


FB; Frame buffer 

CG; Character generator 

tcH; MA change time (character clock time) 
tuap; MA delay time 


Figure 7-6(i)-Figure 7-6(iii) show the examples of mode 5. Skewing is the same 
in all the modes. 


When a character row spreads over the up and the down panels, the up panel raster 
address alternates with the down panel raster address synchronously with the 
change of the memory address because the LCTC automatically corrects the down 
panel raster address. Skewing does not affect raster addresses. Thus you need 
to synchronize the phases so as to do l-character clock time skew by latching 
the raster address outputs (RAQ-RA4). When a character row does not spread over 
the two panels, latching the RA outputs is not necessary because they remain 
unchanged for a raster time. Also, if 2-character clock time skew is used, 
latching is not necessary, even when a character row spreads over the two panels. 
The reason is as follows: RAp-RA, pins output the up panel raster and the down 
panel raster alternately every MCLK cycle. 


Therefore, if 2-character clock time skew is used, when the latch circuit applies 
the up panel character code, the LCTC also applies the up panel raster to it. 
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Similarly, when the latch circuit applies the down panel character code, the 
LCTC also applies the down panel raster. 


Note (1) DISPTMG operation differs from that of HD6845S. For HD6845S, both 
the positive and negative edges of DISPTMG are delayed, while for the 


LCTC, only its negative edge is delayed and its positive edge remains 
unchanged. 


(2) Skewing does not affect CL1, which generates the time when both of 


DISPTMG and CLI] are high during the skew. Figure 7-7 shows the rela- 
tion. 
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Figure 7-3 LCD System (1) 
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Figure 7-4 LCD System (2) 
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Figure 7-5 LCD System (3) 
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(ii) Timing chart of LCD System (2) 


Figure 7-6 Skew Timing in Mode 5 
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(iii) Timing chart of LCD System (3) 





Figure 7-6 Skew Timing in Mode 5 
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Note: In the HD64646, the CL1 high period is shorter than in the HD64645. 
Therefore it does not overlap with the DISPIMG high period. 
For further information, refer to "1.3 Differences between HD64645 
and HD64646". 


Figure 7-7 DISPTMG and CLI in Skew Functioning 
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7.2.3 Relation between CL1 and CL2 
CL1 and CL2 timings of the HD63465 and HD64645 are different from those of the 
HD64646. The CL1 high period of the HD64646 is 5 MCLK cycles shorter than 


that of the HD64645. The phase relations of DISPTMG, MCLK, CL1 and CL2 in 
the HD63645, HD64645 and HD64646 are shown below. 


l frame 


DISPTMG 


— Overlap period —— 4 


— t———C—“=“éE UU UU UU kee 2 remains unchan 





Figure 7-8 Relation between CL1 and CL2 (HD63645 and HD64645) 


(1) Phase relations in the HD63645 and HD64645 


Figure 7-8 shows the relation between CL1 and CL2. In the HD63645 and 
HD64645, CL1 is high for a long time (16 MCLK cycles) and CL2 changes 
during that time. Software cannot prevent this inconvenience. However, 
delaying CL1 with the external shift register can keep CL2 unchanged while 
CL1 is high. This is possible because the number of times MCLK and CL2 
change while CL1 is high is fixed. 


The relation between CL1 and CL2 differs from mode to mode but the relation 
between them and MCLK is fixed. 


Table 7-2 Overlap of CL1 and CL2 in Each Mode 


No. of CL2 Pulses during "No. of MCLK Pulses during 


Mode No. the Overlap Period the Overlap Peiod 
3 3 
6 3 





Therefore delaying CL1 with the following shift register enables CL2 not to SECTION 


change while CLl is high. If the period of DISPTMG = low is long, more than 4 
flip-flop circuits can be connected. 5 
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Figure 7-9 CL1 Corrector 


The pulse width can be calculated from the previous information since the MCLK 
frequency is a quarter of the DCLK (= the operation clock input) frequency. 


Make the difference great between the raster time and the display time (= the 
horizontal totol characters and the horizontal displayed characters) so that the 
periods of CL1 = high and DISPTMG = high may not overlap. 


Some column drivers do not require any external circuit to correct CLl. For 
example, HD61104, HD66106 and HD66107 need no correction. 


(2) Phase relation in the HD64646 


Figure 7-10 and 7-11 shows the phase relations of DISPTMG, MCLK, CL1 and 

CL2 in the HD64646. The CL1 high period of the HD64646 is shorter than that of 
the HD64645. Figure 7-10 and 7-11 shows the timing chart without and with 
skew function, respectively. Figure 7-10 is no skew, and figure 7-11 is 

a case with skew function, 


Figure /-10 and figure 7-11 show the relation between display data transfer 
period, when display data shift clock CL2 changes, and display data latch 
clock CL1. Figure 7-10 is no skew, and figure 7-11 is a case with skew function. 


For further information, refer to the LCD interface (HD64646) in chapter 14. 
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Note: fMCLK:! Output frequency of MCLK 
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Figure 7-10 Differences between HD64645 and HD64646 (no skew) 
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Figure 7-11 Differences between HD64645 and HD64646 (skew) 
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7.3 How to Access the Frame Buffer 


As for the LCD system with the LCTC, the LCTC accesses the frame buffer, using 
the memory addresses (MAg-MA]5) to refresh the display periodically. The MPU 
also accesses the frame buffer in changing the display. The MPU accesses in 2 
ways; asynchronous access and synchronous access. The former is a way of 
accessing regardless of the display state and the latter is a way of accessing 
only during nondisplay time. 


Figure 7-12 shows an example of the asynchronous access. When the address of the 
MPU specifies the frame buffer in the asynchronous access, the output of the 
address multiplexer is switched to the MPU address bus side. Thus a part of the 
display may flash momentarily then. Figure 7-13 shows the program of the 
asynchronous access. 


Figure 7-14 shows an example of the synchronous access. Here the MPU reads the 
DISPTMG output and accesses only while DISPTMG = low (horizontal retrace 
period). In the synchronous access, display does not flash since the MPU access 
does not compete with the display access. Figure 7-15 shows the program of the 
Synchronous access. 


Figure 7-16 shows another example of the synchronous access. Here i ere 
clock time is shared between the MPU access and the display access, and in the 
MPU access, READY signal stops $2, the clock of the MPU, in order top give the 
MPU enough time to access the frame buffer. This method is called cycle-steal. 
Figure 7-17 shows the program then. 


Since there are many ways to access the frame buffer besides the typical 
examples given here, it is necessary to adopt the best way according to 


your requirements. 
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Figure 7-12 Asynchronous Access of the Frame Buffer 


STA A FB STORE ACCA INTO FB LOCATION 


LDA A FB LOAD FB LOCATION INTO ACCA 





Figure 7-13 Program for the Asynchronous Access of the Frame Buffer 
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Figure 7-14 Synchronous Access of the Frame Buffer. (1) 
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LOAD DISPTMG INTO ACCA 
BIT A #1 BIT TEST 

BGT *-5 TRY AGAIN IF DT = 1 
STORE ACCB INTO FB LOCATION 








! LOAD DISPTMG INTO ACCA 
BIT A #1 BIT TEST 

BEQ *-5 SKIP IF ACCA = 0 

LOAD FB LOCATION INTO ACCB 











Figure 7-15 Program for the Synchronous Access of the Frame Buffer (1) 
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Timing Multiplexer  § 


Frame 
Buffer 





Data bus 


Figure 7-16 Synchronous Access of the Frame Buffer (2) 


STORE ACCA INTO FB LOCATION 


LOAD FB LOCATION INTO ACCA 





Figure 7-17 Program for the Synchronous Access of the Frame Buffer (2) © 
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7.4 Setting Parameters 


Table 7-3 lists LCTC parameters depending on LCD control system specification, 
LCD screen configuration, or display functions (cursor display, scrolling 
display, etc.). Also shown are relevant LCTC each registers. 


Table 7-3 LCTC Parameters 


LCD screen Display Setting method 
configuration | function 


external circuit 


LCTC mode 


po | 
Pf 








LCD control 
system 
specification 





Parameters 









DCLK frequency 


| 
Horizontal characte 
dots 


Vertical character 
dots 





















Total. horizontal 
characters 


Horizontal displayed 
characters 


Vertical displayed 
dots 


Skew 


specified by pi 
R10, R11 
Start address R12, R13 
R14, R15 
naa 
ae 
R22, specified 
b 


Cursor address 





Horizontal virtual 
screen width 






Display start 
raster 





Cursor display mode aa 





Din 





Note: The item marked with A is a secondary factor which limits the parameter. 
(The item marked with © is a primary factor.) 


@ HITACHI 
Hitachi America Ltd. ¢ Hitachi Plaza e« 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 © (415) 589-8300 


81 


SECTION 


D 





7.4.1 Setting DCLK 


LCTC operation clock frequency (DCLK) is specified depending on the number of 


dots on a screen and MPU memory access time. 


DCLK frequency is obtained by the following expressions without considering MPU 
memory access time; that is, DISPTMG % "L" and CL1 & "L". DCLK frequency spe- 
cification taking into account memory access time is described in the next 
section. 


The symbols used in the following expression are: 


‘EpCLK: DCLK frequency (Hz) 
fe: frame frequency (Hz) 


Number of horizontal and vertical dots is defined as shown in Figure 7-18. 


(1) All modes except mode 13 


f =| number of horizontal dots + 16 /y <number of vertical dots> x fp x 4 
DCLK ; s* = 


* 16 is divided by 2 only in dual screen mode. 


(2) Mode 13 


f number of horizontal dots + 8! x <number of vertical dots> x fp x 4 
DCLK © ig 


horizontal dots horizontal dots 


vertical vertical 
dots dots 


(1) single screen (2) dual screen 
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Figure 7-18 Screen Configuration and Dots 


7.4.2 Setting parameters depending on memory access time 


The MPU accesses a frame buffer using DISPTMG or cycle steal as shown in 7.3. 
This section describes how to set parameters when using DISPTMG. 


LCTC timing for one display period includes a pine interval for which LCTC does 
not accesses memory. During this period the MPU can access memory. 


Figure 7-19 shows the timing diagram for 1 raster period. This period consists 
of the following as listed in Table 7-4. 
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Table 7-4 l raster period 


[Noj Ss item) SPTMG | CLI] period 


C 

LCTC memory access time High | Low| n+ Tpcux:* Nhd 

DRAM refresh time fienooee inc 64 TpocLK 
3 Low 


MPU memory access time Low | n * Tpcux (Nht + 1 - Nhd) - 
64 TDCLK 

















*] Nhd = number of horizontal displayed characters 
Nht total number of horizontal characters (data to be written) 
TpcLK = DCLK period 


*2 n = constant 


Relation between mode No. and constant n 


DISPTMG 


CLl | 


| LCTC memory access | DRAM | MPU | 


refresh memory 
access 


| l raster period | 





Figure 7-19 LCTC 1 raster period 


As shown in Figure 7-15, the following relationship holds as to a raster period 
(= Tras), LCTC memory access time (= TycTc), DRAM refresh time (= Tppam), and 


MPU memory access time (= Typy): 
Tras ™ TLcTc + TpRamM + Twpu (7-1) 


TRAS, TLcTC, and TDRAM can be obtained by the following expressions: 


TRAS = n * Toctk ° (Nht + 1) (7-2) 
TLcTC = 1 * TpcLK °* Nhd (7-3) 


TDRAM = 64 * TyocLK 4) SECTION 


Thus, Typy is expressed as follows: 


Typu = 2 °* Toctx * (Nht + 1 - Nhd) - 64 ° Tocrx (7-5) | 5 


While Tp is expressed as follows since it is the result of <a raster period> 
x <number of raster per panel (= Nd)>. 
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Tr = Tras ° (Nd + 1) 


.. Tp =n- —TocLK * (Ndt + 1)(Nd + 1) (7-6) 
The following expression derives from (7-5) and (7-6): 
Tr 1 
Tock = (Na+ ~ MPU) * T>Nha + 64 on) 


Tp depends on LCD characteristics and Nhd and Nd on screen configuration. 


The value of TpcLk is, therefore, specified by Typy- DCLK frequency is a result 
of expression (7-7) when Typy = 0. 


Z 

Nht, therefore, is obtained by expression (7-6) depending on applicable Tpcyx. 

TR 
Nht = - 
n* TocLK * (Nd + 1) 

Specifically, Typy can be set according to any value of (Nht - Nhd). 
The user should take into account the following limitation: 

(1) TpcLK 2 100 ns 

(2) 1 & Nhd £ Nht + 1 & 256 


(3) 
Nhd + S* < whe + 1 


7.4.3 Setting parameters depending on LCD screen configuration 


(1) Horizontal character dots 


The number of horizontal character dots basically depends on character font 
and space between characters as shown by the example in Figure 7-20. 
However, when using the LCTC, this number is either 8 or 16 depending on 
LCTC modes, so total of character font and space between characters should 
be 8 or 16 dots. Table 7-5 shows relation between mode and horizontal 
character dots. 


Table 7-5 Relation between LCTC Modes and Number of Horizontal 
Character Dots 


character dots 
2, 3, 4, 6, 7, 8, 10, 


(2) Vertical character dots 






The number of vertical character dots also depends on character font and 
space between characters as shown in Figure 7-20. The user should set 

| the number of vertical character dots in the maximum raster address 

| register (R9). 
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Space between characters 


horizontal dots 


Je Te eed 


character 
font 


vertical dots 
(rasters) 


space between 


— SSS 








character rows 


Figure 7-20 Character Dots 


= 
2 
_ 
O 
Lu 
“—) 
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(3) Horizontal displayed characters 


(4) 
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The user should set Rl to a value obtained by dividing the number of LCD 
horizontal dots in the specified mode by the number of horizontal character 
dots. In this case, the value should be rounded up to an integral number 
of dots. 


The number of horizontal character dots depends on LCTC mode; consequently 
if LCTC mode is changed with screen configuration unchanged, RO and Rl 


must be reinitialized. 


Vertical displayed rasters 


The user should set R19 and R20 to the number of vertical displayed dots 


depending on LCD screen configuration. 
In case of single screen: 
(set value) = <number of vertical dots> - 1 


In case of dual screen: 


(set value) = <number of vertical dots> - 1 
2 


In single screen, even if the set value is greater than the above, LCD can 
still perform display, however, since picture quality is degraded in this 
case, it is recommended to use the value shown above. 


The following describes examples of setting values for in each screen con- 
figuration. In this case, fpcLK = 10 MHz and fp = 65 to 70 MHz. 


(i) 640 x 200 dots, 1/200 duty, single screen 


(a) Mode 5 (character mode) 


Nht = 178 (RO set value) 

Nhd = 80 (R1 set value) 

Nd = 199 (R19, R20 set value) 
(b) Mode 7 (graphic 1 mode) 

Nht = 89 (RO set value) 

Nhd = 40 (R1 set value) 

Nd = 199 (R19, R20 set value) 


(ii) 640 x 400 dots, 1/200 duty, dual screen 


(a) Mode 1 (character mode) 


Nht = 89 (RO set value) 
Nhd = 80 (R1 set value) 
Nd = 199 (R19, R20 set value) 


(b) Mode 3 (graphic 1 mode) 


Nht = 44 (RO set value) 
Nhd = 40 (R1 set value) 
Nd = 199 (R19, R20 set value) 
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(c) Mode 13 (large screen graphic 1 mode) 


Nht = 89 (RO set value) 
Nhd = 40 (Rl set value) 
Nd = 199 (R19, R20 set value) 


7.4.4 Setting parameters depending on display functions 


This section describes parameters for display functions (scrolling, etc.) which 
is almost independent of LCD hardware (LCD control system, screen configuration, 
etc.). 


(1) Cursor display 
The LCTC can program display mode of cursor as listed in Table 10-1 and 
display shape of cursor as shown in Figure 10-5 with cursor start raster 
register (R10) and cursor end raster address (R11). Therefore, the LCTC can 
not only realize cursor display but also change cursor display shape 
according to the system. For details, see chapter 10 "CURSOR CONTROL". 

(2) Start address 
Start address registers (R14, R15) can provide an offset for read address of 
frame buffer. This function enables easy paging and scrolling. For 
details, see chapter 9 "PAGING AND SCROLLING". 

(3) Cursor address register 
Cursor display position can be programmed by cursor address registers (RI4, 
R15). In this case, the user can program memory address of frame buffer, 
not X and Y addresses. For details, see chapter 10 "CURSOR CONTROL". 

(4) Horizontal Virtual Screen Width 
Horizontal virtual screen width register (R18) can provide an offset for 
start addresses of adjoining two lines. This function enables easy 
horizontal scrolling. For details, see chapter 9 "PAGING AND SCROLLING". 

(5) Display start raster 
Display start raster register (R21) can provide an offset for start 


raster of the first row. This function enables smooth scrolling. For 
details, see chapter 9 "PAGING AND SCROLLING". 


(6) Mode 


The LCTC controls display mode (display ON/OFF, wide display, etc.) with 
mode register (R22). For details, see chapter 8 "MODE REGISTER FUNCTIONS". 


SECTION 


5 
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7.5 Easy Mode 


In order to maintain software compatibility with the CRTC, easy mode is used to 
specify registers that the CRTC (HD6845) does not provide or which determine 
vertical dots in a way different from the CRTC by setting the MODE pin to high. 
Table 7-6 lists such registers and each fixed value. These registers determine 
a fixed mode and display format and allows software designed for a system using 
the CRTC to be displayed on an LCD without rewriting BIOS. 


Table 7-6 Registers and Set Values in Easy Mode 


Registers Fixed value 
No. | (decimal) 
4 Maximum raster address register 
















Cursor start raster register 


R10 
R18 Horizontal virtual screen width same value 
register | as Rl 
99 (1 
R20 
R21 
22 










6 






screen) 
199 (in single 
screen) 






R19 Multiplexing duty ratio register 
Multiplexing duty ratio register 

(L) 
Nil eden 
Renill oie 


Other registers (AR, RO, Rl, R12, R13, R14, R15) are independent of the status 
of the MODE pin, so that the user can change their contents even when MODE pin 


is set to high. 
The following is a detailed description of the above registers in easy mode. 
(1) Maximum raster address register (R9) 


This register is fixed at (R9) = 00111 (binary) (= 8 rasters/row) by an inter- 
nal operation in easy mode. The register state is held after the easy mode is 
released. In setting (R19)/(R20) again, make a rewrite after releasing the 
easy mode by setting the MODE pin low. (If G/C pin is high, rewriting is 
possible even when MODE pin is high.) 


(2) Cursor start/end raster register (R10/R11) 


These registers are fixed at (R10) = 
00110 (binary) (= 7th raster)/(R11) = 
00111 (binary) (= 8th raster) by 
internal operations. in the easy mode. 
In this case, there is no blinking. 
After easy mode is released, the 
registers return to their original sta- 
tes. 


(64) Aq 32S 





Set by (R10) 
Set by (R11) 


Figure 7-21 (R9)(R10)(R11) Status 
| when MODE = High 
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(3) Multiplexing duty ratio register (high-order byte: R19/low-order byte: R20) 


These registers are fixed at (R19) = 0 (binary)/(R20) = 01100011 (binary) 
(=1/100 duty) in easy mode if D/S pin is set high (dual screen) or at (R19) 
= 0 (binary)/(R20) = 11000111 (binary) (= 1/200 duty) if D/S pin is set low 
(single screen) respectively. The register state remains unchanged after 
easy mode is cancelled. In setting (R19)/(R20) again, rewrite these 
registers after cancelling easy mode by setting the MODE pin low. 


(4) Display start raster register (R21) 


This register is cleared and fixed at (R21) = 00000 (binary) in easy mode. 
Therefore, smooth scroll is impossible in easy mode. This state remains 
unchanged even after easy mode is cancelled. In setting the register again, 
cancel easy mode first. 


(5) Mode register (R22) 


This register is cleared and fixed at (R21) = 00000 (binary) in easy mode. 
However, its function can be perfectly controlled by external pin ON/OFF 

(pin 53), G/C (pin 58), WIDE (pin 54), BLE (pin 51), and AT (pin 57). This 
state remains unchanged after easy mode is cancelled. For control by register 
(R22), cancel the easy mode first. 


(6) Horizontal virtual screen width register (R18) 


This register becomes equivalent to the horizontal displayed characters register 
(Rl) in easy mode. Since display data is stored continuously in the VRAM, 
horizontal scrolling is impossible. To change the set value of this register 

in easy mode, the contents of register (Rl) must be rewritten. After easy 

mode is cancelled, the register returns to its original state. 


SECTION 


5 
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8. MODE REGISTER FUNCTIONS 


8.1 Mode Registers and Display Modes 


Take special note that the data bits of the mode register and external pins of 
the same names are respectively ORed together. 














AT 
(data bit 0) 


BLE 


(data bit 1) 


WIDE 
(data bit 2) 


G/C 
(data bit 3)' 
ON/OFF 


(data bit 4) 


Mode register ON/OFF G/C VIDE BLE AT 
(R22) (pin 53) (pin 58) (pin 54) (pin 51) (pin 57) 





Figure 8-1 Correspondence between Mode Register and External Pin 


BLE and WIDE bits are valid only in character mode. 


Table 8-1 Mode Register Bits and Display Modes 


Character mode 


Graphic 1 mode 
Graphic 2 mode 





note) O-= valid 
xX = invalid 
— = switching bit for display mode 
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8.2 Attributes (Mode Register Data Bit 0) 


: R (Reverse video) ------- MD 11 

AT High: Attribute mode pa ie ee eae ote 
BL (Blinking) one ae ae ee we ee ae ee MD 13 

W (Whitening) ----------- MD 14 

Low: OR function B (Blackening) ---------- MD 15 


Figure 8-2 Attribute Function 


8.2.1 Attribute mode (AT = high) 


When this bit or pin 57 is set to high, ARAM data serves as attribute data. 
This data operates on the character corresponding to the VRAM character code at 
a same address. 


VRAM ARAM 
(reverse video) (blinking) (character | (attribute 
Le * code) code) 
start 8 bits 


address 


first 
row 


reverse video) 
blinking) 


second 
row 
second 
row 





display 


memory 


Figure 8-3 Relation between Character Display and Memory 


(1) R (Reverse video): When data (ARAM data corresponding to an address 
specified by the MA pin) entered into MD11 pin is 
set to high, the data entered from MDO-MD7 is reversed 
(071, 170) and output from LUOQ-LU3 and LDO-LD3. 










Character 
Code 





Characte 
Generato 










LU,LD 
' MDO-MD7 MD11 


SECTION 









Character Data 


LCD Driver 


Figure 8-4 Reverse Video System 
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MDO-MD7 reversed data 
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(2) C (Cursor): To display a cursor, 
1. Set the cursor start/end raster register (including B and P). 
2. Connect CUDISP with MD12. 
For further details, refer to chapter 10 "CURSOR CONTROL". 


(3) BL (Character blinking): 


Ae 


(4) W (Whitening): 


~_. 
= 


(5) B (Blackening): 


8.2.2. Attribute data overlay 





When data (ARAM data corresponding to an address 
specified by the MA pin) entered into MD13 pin 
and BLE are set to high (BLE can be controlled 
by external pin or data bit 2 of mode register), 
the -specified character is blinked on for 32 
frames and off for the next 32 frames. This 
operation is performed repeatedly. 


When data (ARAM data corresponding to an address 
specified by the MA pin) entered into MD14 pin 
ts cot to hich) the 


whitened regardless of the data entered from 
MDO=-MD7 r 


anarifdad rharartar ia 


When data (ARAM data corresponding to an address 
specified by the MA pin) entered into MD15 pin 


is set to high, the specified character is blacken 


regardless of the data entered from MDO-MD/. 


S261 describes each individual attribute data function of the LCTC. This 
section describes attribute data overlay. 


Basically, the LCTC attribute 


data has the following relation: 


R>C>W> BL>B 


For more details, refer to Table 8-2. 
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Table 8-2 Attribute Data Overlay List 
Attribute Data 
Panel Display Remarks 
B W BLC R 


0 0 0@© 0 Without any character 


La attributes 


000 * | aaeae (1) Repeats (a)<—>(b), with 
cursor blinking. 
<——_- (2) Keeps (a), without cursor 
blinking. 


(a) (b) 


Repeats (a)<—>(b) on 32 
frames each. 


| 







a H 
(a) 

ee (1) Repeats (a)<—(c), 
without cursor blinking. 

(2) Repeats (a)<—(d), if 
blink rate of cursor is 
the same as that of 
character. 

(3) Repeats (a)—>(b)— (cc) 
—>(d)—>(a), if blink 
rate of cursor is half 
that of character. 


i=l 


(a) 


(b) 

(b) 

(d) 
k : CUDISP signal entry. 


>) : C (MD12 pin) fixed at low. 


‘or more details, refer to chapter 10, "CURSOR CONTROL". 








(c) 


(continued) 


SECTION 
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Attribute Data 
Panel Display Remarks 
B W BLC R 
00 il (1) Repeats (a)<—(c), 
without cursor blinkin; 
——_— Repeats (a)<—>(d), if 
blink rate of cursor i: 
the same as that of 


character. 
(3) Repeats (a)—>(b)—(c 
— >(d)—>(a), if blink 
rate of cursor is half 
that of character. 





(d) 

0 10 * 1 (1) Keeps (a), without cur: 
O11%* 1 blinking. 
1 10* 1 (2) Repeats (a)<— >(b), wit 
1 1 1 * JI cursor blinking. 
oO 10 * Q (1) Keeps (a), without cur: 
0 1 1 * Q blinking. 
1 1 0 * O (2) Repeats (a)<—>(b), wit 
1 I Ll * QO cursor blinking. 

(a) (b) 


(continue 


: CUDISP signal entry. 


For more details, refer to chapter 10, "CURSOR CONTROL". 
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1o41.61 


Repeats (a)<—>(b) on 
10160 


32 frames each. 


Attribute Data | | | 
Panel Display Remarks 
B W BLC R 
<j} ae 


(a) (b) 


(1) Repeats (a)<—>(b) on 32 
frames each, without 
cursor blinking. 


(2) Repeats (b)<—>(c) on 32 


frames each, if blink 
(a) (b) rate of cursor is the 
same as that of character. 


(3) Repeats (a) —>>(b)—>(c) 
— >(a) in a cycle of 
16-16-32 frame, if blink 
rate of cursor is half 
that of character. 





(c) 


* ; CUDISP signal entry. 
© : C (MD12 pin) fixed at low. 
For more details, refer to chapter 10, "CURSOR CONTROL". 


SECTION 
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8.3 Blink Enable (BLE) (Mode Register Data Bit 1) 


This data 
when this 
to high. 


8.4 Wide 
This data 


displayed 
character 


bit controls character blinking. A given character can blink only 
bit or external pin 51 and attribute data (AT = high) MD13 are set 
32 frames blink periodically. 


(WIDE) (Mode Register Data Bit 2) 
bit controls wide character display. Normally, one character is 


in 8-dots width. When this bit or external pin 54 is set high, one 
can be displayed in 16 dots width. When normal mode is switched to 


wide mode, the number of horizontal dots for one character and the horizontal 
scanning period are doubled, and so the screen flickers. Therefore, the total 


number of 


horizontal characters and the number of horizontal displayed 


characters in wide mode must be half those in normal mode. 





1 2 


WIDE = low WIDE 


3 4 5 67 8 11223 3 4 45 56677 8 8 


high 


Figure 8-5 Example of Display in Wide Mode 
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8.5 Graphic/Character (G/C) (Mode Register Data Bit 3) 


This data bit determines graphic display or character display. When the bit or 
external pin 58 is set to high, graphic display is available. When both are set 
to low, character display is available. In graphic mode, one address output 
causes 2-byte dot data to be entered. In character mode, l-byte dot data and 
5-bit attribute data are entered. Also, the same memory address is output by a 
count specified by the maximum raster address register. In graphic mode, MA 
output increases without repetition. 


Graphic Mode 


Address l-byte Dot Data 


l-byte Dot Data 


2-byte Dot Data 


Character Mode 


Character 
| Address VRAM | Character Code Data | Generator 
LCTC 

ARAM | 


Attribute Data 


l-byte Character Dot Data 





Figure 8-6 Graphic Mode and Character Mode 
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8.6 Display On/Off (ON/OFF) (Mode Register Data Bit 4) 


This data bit controls switching on/off of the whole LCD display. When this 
bit and external pin 53 is set to low, display data transfer is stopped. Low 
is output from LUO-LU3 and LDO-LD3 until either of this bit or pin 53 is set to 
high. When display is switched on, data transfer is restarted according to 
address output. 





command|__| 


display ON-OFF display OFF >ON 
(command entered within a (command entered within a frame; all 
frame; all off by next frame) on by next frame) 





Figure 8-7 Example of Display On and Off 
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9. PAGING AND SCROLLING 


The LCTC supports 8-directional scrolling by character, vertical smooth 
scrolling, and paging by renewing the start address registers (R12, R13), the 
horizontal virtual screen width register (R18) and display start raster register 
(R21). 


For special note when often rewriting start address register for scrolling or 
paging, or often rewriting display start raster register for smooth scrolling, 
refer Appendix A "Abnormal Operation by Rewriting Registers in Display". 


9.1 Horizontal Scrolling 

9.1.1. Horizontal scrolling function 

The horizontal virtual screen width register (R18) facilitates high-speed hori- 
zontal scrolling, compared with conventional horizontal scrolling which 


rewrites an entire screen. The following figure illustrates horizontal 
scrolling by using virtual screen width. 


= Horizontal virtual screen width 
= Number of horizontal displayed characters 


Display 
screen 


~ SECTION 


5 





Figure 9-1 Horizontal Scrolling on Virtual Screen 
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Example (1) shows continuous memory addresses which are all placed in the 
display area; therefore, no character can be scrolled horizontally. Example 
(2) shows that virtual screen width facilitates high-speed horizontal character 
scrolling by setting start address. 


9.1.2. Horizontal scrolling method 


The display screen is scrolled to the left or right on a character basis by 
incrementing or decrementing the start address registers (R12, R13) one by one. 


R12 and R13 indicate the high-order and low-order bytes of the start address 
respectively. If leftward scrolling starts at "(R12) = (R13) = $00", only (R13) 
must be incremented by one. If it starts at "(R12) = $01" and "(R13) = SFF", 
for example, "(R12) = $02" and "(R13) = $00" must be set. For rightward 
scrolling, (R13) must be decremented by one. 


Memory contents 


Horizontal virtual screen width (R18) 
Number of horizontal displayed 
characters (Rl) 


Display panel 


leftward rightward 
scrolling scrolling 


Start address Start address 
= 11+] = 12 =]1-1#= 10 





Figure 9-2 Leftward/Rightward Character Scrolling 
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9.2 Vertical Scrolling Function 


The vertical scrolling function involves character scrolling and smooth 
scrolling. 


9.2.1 Vertical character scrolling method 


To scroll characters vertically, the user should manipulate the start address 
registers (R12: high-order 8 bits),(R13: low-order 8 bits) in the same manner 
as horizontal character scrolling. To scroll characters up and down, repeat the 
following procedure at fixed intervals. 


Upward character scrolling: Prescroll start address + horizontal virtual screen 


width 
Downward character scrolling: Prescroll start address - horizontal virtual 


screen width 


contents Display screen 


{ 
Start address 


= 31 - 10 = 2] 
Vj 


| downward scrolling 


R18 10 
Rl = 7 


Horizontal virtual screen - 

width (R18) = 10 , Start address 
Number of horizontal = 31 + 10 = 41 
displayed characters (Rl) = 7 ; 


Figure 9-3 Upward/Downward Character Scrolling 


9.2.2 Vertical smooth scrolling method 


Vertical smooth scrolling requires the functions of display start raster 
register (R21) and start address registers (R12/R13). Figure 9-4 shows the ver- 
tical smooth scrolling method. 
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SECTION 


o 





Upward smooth 
scrolling 


(1) Enter 0 into 


(R12/R13) and 
(R21). 


RA = 


(2) Enter 1 only 


(3) 


(4) 


(5) 


(6) 
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into (R21). 


RA = 


Enter 2 into 
(R21). 


Upward smooth 


scrolling 
RA 
Enter 6 into 
(R21). 


Wl 
OWE WNH On DD 


UF WHE ON 


RA 
Enter 7 into 
(R21). 


RA = 
Erftter horizontal 
virtual screen 
width into (R12/ 
R13). 
Reset (R21). 


Repeat the 


RA = 


Downward smooth 





scrolling 
0 } 
1 (6) Enter 0 into (R21). 
2 
3 
4 
5 
6 
7 
l 
2 (5) Enter 1 into (R21). 
3 
4 
5 meat 
eg 
7 
se — 
2 
3 (4) Enter 2 into (R21). 
4 
5 
6 
7 
0 
—_——, 


Downward smooth 
scrolling 


tet 


woee 


(3) Enter 6 only into (R21). 


(2) Enter O into (R12/R13) 
and 7 into (R21). 


(1) Enter horizontal virtual 
screen width into (R12/ 
R13) and O into (R21). 


~ 


above procedure at fixed intervals. 


‘Figure 9-4 Example of Vertical Smooth Scrolling 
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9.2.3. Vertical character scrolling applications (multi-directional scrolling) 


The following operations of the LCTC provide a variety of scrolling functions 
according to the relation between the start address register (R12)/(R13) and the 
horizontal virtual screen width register (R18). 


Up-leftward Upward scrolling Up-rightward 
scrolling scrolling 





LZ =x LZ y + (R13) = x LE y 





Smooth scrolling 
available 





Rightward 
scrolling 


Leftward 
scrolling 





i Smooth scrolling \ 


available 








Down-leftward Downward Down-rightward 
scrolling scrolling scrolling 
Z, Lee 
Wd / ¢ 
(R13) =x-ytl (R13) =x-y (R13) =x-y-l | 
E>) tou s(e)\ 
Figure 9-5 LCTC Character Scrolling 5 
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9.3 Paging Function 


The LCTC is capable of accessing up to 64-kbyte VRAM. Its paging function pro- 
vides display switching operation at a higher speed than the conventional one 
which must perform paging by rewriting RAM contents. 


Frame buffer Frame buffer 


VLLLLLLLLLLLLA 


screen screen 


Display Display 


_ 
| 8 


Scrolling 





Figure 9-6 Paging and Scrolling 


The LCTC uses the start address registers (R12/R13) to control paging and 
scrolling. Scrolling is defined as continuous change of display addresses, 
while paging as step-by-step change of display addresses. 
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10. CURSOR CONTROL 


The following conditions must be satisfied to display a cursor when using the 
LCTC: 


1. Selecting character mode and attribute function 

2. Connecting CUDISP signal with MD12 pin 

3. Setting cursor start/end raster register (R10,R11) 
4. Setting cursor address register (R14,R15) 


The LCTC can control cursor position, on/off state, blinking cycle and shape. 


10.1 Cursor Position 


Cursor position is specified by the cursor address registers (R14: high-order 
byte, R15: low-order byte). An address specified here corresponds to a buffer 
-‘memory address. If a cursor address is specified outside the display screen, no 
cursor is displayed. 


Memory area Screen display 


V/A : Cursor address 





Figure 10-1 Relation between Cursor Address and Screen Display 


Figure 10-1 shows the change of screen display when a start address in a memory 
area is changed. If the shaded part is specified as a cursor address, a cursor 
is displayed in (1) and (2). But no cursor is displayed in (3). Software 
control is required to display a cursor constantly on a display. 


SECTION, 


5 
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10.2 Cursor On/Off and Blinking Cycle 


The LCTC requires an external signal to display a cursor. CUDISP signal is 
used as an external input via pin 36. Two kinds of methods for controlling 
on/off or blinking of this signal are available: one uses internal registers 
and the other uses an external signal to perform blinking in a desired cycle. 


10.2.1 Control by CUDISP signal 


The cursor on/off state and blinking cycle can be controlled by using the CUDISP 
signal. In this case, data bits 5 and 6 of cursor start raster register (R10) 
must be set according to Table 10-1 and the CUDISP pin (pin 36) must be 

directly connected with the MD12 pin (pin 13). 


LCTC 






































lst frame , xth frame 
Oth lst 6th 7th Oth lst 6th 7th 
line line line line line line line line 
DISPTMG | | | | | “ | | ( 
Cursor Cursor 
on off 
MD12 | | 
—— eee fem -———— 
(CUDISP) 


LUO 


eer) (aes eee eee ee ee 


Figure 10-3 Cursor Blinking Timing 
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Table 10-1 Cursor Control by (R10) 


R10 


Data Bit 6 ee ee 


Cursor on; without blinking 
Cursor off 

Cursor blinks every 32 frames 
Cursor blinks every 64 frames 


=— CO © 
— OO = © 


10.2.2 Control by external signal (Optional blinking) 


This method is used to blink a cursor at any rate other than a blinking cycle 
specified by the cursor start raster register (R10). 


In this case, data bits 5 and 6 of (R10) are set to low (cursor on, no 
blinking). An additional circuit shown in Figure 8-4 is necessary to generate 
an AND signal of an external input signal and the CUDISP signal. The result is 
input into the MD12 pin (pin 13). 


External signal 





Figure 10-4 Blinking Control Circuit by External Signal 


SECTION 


o 
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10.3. Cursor Shape 


Cursor shape is determined by the cursor start/end raster register (R10; data 
bits 0-4)/(R11). (R10) specifies the raster number of a given cursor address 
where the cursor begins from the top. (R11) specifies the raster number where a 
cursor begins from the bottom. These two specifications determine the display 
position and'shape of the cursor. However, if (R11) is set larger than the 
maximum raster address register (R9), the cursor shape is determined by (R9) and 
(R10). The LCTC makes such a‘setting invalid. 





RA = RA = RA = 
(R9) = 7 (R9) = 7 (R9) = 7 
(R10) = 5 (R10) = 5), (R10) = 5), 
(R11) = 6 (R11) = 4 (R11) = 8 


* Invalid combination of values 


Figure 10-5 Cursor Shape Specified by (R9), (R10), and (R11) 
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11. PROGRAMMING METHODS 
11.1 Read and Write of Internal Registers 


The LCTC provides 14 internal registers and an address register to specify 
these registers, as listed in Table 4-1. The following operations are 
required to read or write internal registers: 


STEP1: Write internal register address to the address register with a store 
instruction 

STEP2: Read the internal register specified by the address register with a 
load instruction, or write data to the specified register with a 
store instruction 


Figure 11-1 shows the process flow for reading/writing internal registers, and 
Figure 11-2 shows corresponding assembler language routines. 


Write a register address 
to the address register 


Read/write an internal 
register 





Figure 11-1 Flowchart for Reading/Writing Internal Registers 





LDA A #15 register address — > ACC 

STA A ADDR ACC ——> address register read 

LDA A ADDR + 1 cursor(L) -—-> ACC 

LDA A #15 register address -——> ACC 

STA A ADDR ACC ——> address register write 

LDA A DATA data —) ACC 

STA A ADDR + 1 ACC —> cursor(L) 

Figure 11-2 Example of Routines for Read/Write of Internal Registers Sj fou sie) 
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11.2 LCTC Initialization Programming 


In order to enable LCTC display control functions, the user must first after 
power-on initialize internal registers. Without such initializing, the LCTC 
cannot operate correctly. 


Figure 11-3 gives a flowchart for initializing LCTC registers, and Figure 11-4 
shows an example of an initial program. In this case, initial data is stored in 
table format in register number order to set up a loop, resulting in a compact 
routine. Although the LCTC does not provide register Nos. 2-8 and 16-17, 

there is no problem if such registers are accessed. 


Table 11-1 and Table 11-2 show 640 x 400 dots LCD specifications in character 
display and initial value of each internal register respectively. Table 11-3 
and Table 11-4 show 640 x 200 dots LCD specifications in graphic display and 
initial register values. In this case, display page is initially 0 and cursor 
is in home position, so both start address and cursor address are set to 0. 
Note that, if the cursor address is other than an effective memory address, 
cursor display position is not guaranteed. 


DA: start address 
IXR: index register 
RN: register number 








Write RN to LCTC 
address register 


Write memory data 
specified by IXR 
to LCTC 


IXR + 1-> IXR 







Figure 11-3 Flowchart for LCTC Initializing 


LDX #DA DA —> IXR 
CLR A 0 — > ACCA 

ILR1 STA A ADDR ACCA -—~> address register 
LDA B 0, X DA —> ACCB 
STA B ADDR+1 ACCB —> Data register 
CMP A #22 
BEQ ILR2 BRANCH IF ACCA = 22 
INC A ACCA + 1 + ACCA 
INX XR + 1 > XR 
BRA ILR1 BRANCH TO ILR1 

ILR2 - 


Figure 11-4 LCTC Initial Program 
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Table 1ll-1 LCD Specifications (Character Display) 


Multiplexing duty 1/200 duty | 


Character dots 8 x 8 dots 
(character font 5 x 7) 


80 characters x 50 rows 













pecification 





640 dots 



















Displayed characters 


Cursor display raster 0-7, blinking 

every 32 frames 
Horizontal virtual 80 characters (no horizontal 
screen width scrolling) 


Table 11-2 LCTC Initial Values (Mode 1) 


Register Sym Hexadecimal initial | 
bol | value (decimal) 
















aw 
oO 
« 0 





Horizontal total characters 59 (89) 

Horizontal displayed Nhd 50 (80) 

___| characters 

sea ie 

” an eat 

R12 | Start address (H) Lt 00 (0) | 

R13 | Start address (L) —] 00 (0) | 

| Cursor address (H) -_ ~ 00 (0). : 

“R15 | Cursor address (L) iad 00 (0) | 

R18 | Horizontal virtual screen Nir 50 (80) 
width _ | 

R19 | Multiplexing duty (H) Ndh 00 (0) 

R20 | Multiplexing duty (L) Ndl C7 (199) 


R21 | Display start raster Nsr 00 (0) 
i ll 


cE 
—_ 












Zz 


+2} 


x 
— 
& 





~ SECTION 


5 
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Table 11-3 LCD Specifications (Graphic Display) 
















Multiplexing duty 1/200 duty 
a 
Displayed characters {40 characters (640 dots) 
x 200 dots 
Horizontal virtual _ 80 characters (with horizon- 
screen width tal scrolling 


Table 11-4 LCTC Initial Values (Mode 7) 


Register Hexadecimal initial 
| bol | value (decimal) 
Horizontal total characters 2c (44) 
Horizontal displayed hd 28 (40) 
characters 
_ FE cag a ec 
cn leiakisaaeticisn I ine, NIL. 
"R12 | Start address (H) a 00 (0) | 
R13 | Start address (L) | ee 00 (0) 
ie Necnacaeanenes cng th eee 
eh al 
7 at Rati 
width | 
19 | Multiplexing duty (H) Ndh 00 (0) 
R20 | Multiplexing duty (L) Ndl 63 (99) 
R21 | Display start raster Nsr Lo ed 
et 


(note) —: optional value 













Re 


—" 
zm 


Za 


° 
e 99 





z 





nw 





ys) 


x 
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In order to prevent display errors, it is required that MODE pin (pin 52) = Vcc 
and ON/OFF pin = GND at power-on, after which MODE pin should be set to GND just 
before initialization. This prevention initializes the multiplexing duty ratio 
register and the mode register, and switches off the LCD. When writing of 
display data to the frame buffer is completed after initializing, bit 4 of the 
mode register should be set to 1, and then the LCD is on. This procedure 
prevents flickering when writing data. 


11.3 Paging Programming 


The paging function can select a page by specifying the address of frame buffer 
data. Figure 11-5 shows the procedure for paging. The desired page is first 
specified with the page key operation, and the specified page is verified; then 
the start address of the corresponding frame buffer is set. The cursor address 
is set at the same start address to place the cursor at home position as a 
result of paging. 


Page key input 


Read key data 
Verify specified 
page N 


Write start * address of frame buffer 
address* of page N 

to start address 

register 


Write start 
address of page N 
to cursor register 





Figure 11-5 Flowchart for Paging 


SECTION — 


e) 
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11.4 Scrolling Programming 
11.4.1 Vertical scrolling by character 


Figure 11-6 gives the procedure for vertical scrolling by character. Scrolling 
up/down is controlled by a scroll key. If start address of the current page is 
the same as the start address of last page, scrolling up is ignored. If start 
address of the current page is the same as the start row of the start page, 
scrolling down hereafter is ignored. 


Scroll key input CA: cursor address 

SA: start address 

IR: virtual screen width 
(memory width) 

EPSA: start address of 

last page 








Read key data 










Write (SA + IR) 
to start address 
register 


Write (SA — IR) 
to start address 
register 


















-Write(CA + IR) to 
cursor address 
register 


Write(CA - IR)to 
cursor address 
register 





Figure 11-6 Flowchart for Vertical Scrolling by Character 


11.4.2 Smooth scrolling 


Figure 11-7 shows the procedure for smooth scrolling. Smooth scrolling is 
controlled by a scroll command. Scrolling up is caused by writing the result of 
incrementing the start raster to the start raster register. If the start raster 
is the same as the maximum number of rasters, scrolling up is performed by 
writing 0 to the register and writing (SA + IR) to the start address register. 
Scrolling down is caused by writing the result of decrementing the start raster 
to the start raster register. If start raster is 0, scrolling down is performed 
by writing the maximum number of rasters to the registers and writing (SA - IR) 
to the start address register. 
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Scroll key input SR: start raster 
MR: maximum raster 
SA: start address 
\/ IR: virtual screen width 









Write 0 to 
start raster 
register 


Write(SR + 1) 
to start 
raster _ 
register 


Write(SR - 1) 
to start 
raster 

register 





Write (MR) to 
start raster 
register 



















Write(SA + IR) 
to start add- 
ress register 


Write(SR — IR) 
to start add- 
ress register 


/\ 


Figure 11-7 Flowchart for Smooth Scrolling 


11.4.3 Horizontal scrolling 


Horizontal scrolling, in which virtual screen width is set larger than the 
number of horizontal displayed characters, is realized by controlling the 
start address. Figure 11-8 shows the procedure for horizontal scrolling. 

In this case, horizontal scroll key specifies left/right scrolling. If last 
address of the start row on the display is the same as the last address of 
mgmory width, left scrolling is ignored. If the start address is the same as 
the start address of the display page, right scrolling is ignored. Figure 
11-9 gives the relation between memory width and display. 


The user can specify various scrolling directions by a combination of 
horizontal scrolling and vertical scrolling by character. 


SECTION — 


5 
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SA: start address 

HD: number of horizontal 

displayed characters 

\Z IR: virtual screen width 
(memory width) 


Read key data PSA: start address of 


display page 


RIGHT LEFT 


<a> 


Write (SA - 1) 
to start address 
register 
















(PSA + IR - 1) = 
(SA + HD - 1) 





NO 
Write (SA + 1) 
to start address 
register 


Write (CA + 1) to 
cursor address 
register 


Write (CA -— 1) to 
cursor address 
register 


Figure 11-8 Flowchart for Horizontal Scrolling 


PSA + IR - 1 


display width 





Figure 11-9 Relation Between Memory Width and Display 
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11.5 Cursor Control Programming 


The cursor is commonly used as a pointer specifying data input position on the 
display. It can be placed at any position on the display and under control of 
cursor keys. The cursor keys are: 


[<>] : Moves cursor right 

> Moves cursor left 

[y] : Moves cursor down 

(F] : Moves cursor up 

HM| : Moves cursor to home position 


Figure 11-10 gives an example of moving cursor right and down. When the cursor 
is placed at the right end of the display, key moves the cursor to the left end 
of the next row. When the cursor is placed at the right end of last row, key 
moves the cursor to the home position. And when the cursor is placed on the 
last row, key moves cursor to the same column of the first row. In Figure 
11-10, virtual screen width (memory width) is the same as the number of 
horizontal displayed characters. 





Figure 11-10 Cursor Control 


Figure 11-11 and Figure 11-12 show flowcharts for control of cursor moving right 
and moving down, respectively. 


~ SECTION 


5 
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key input 





Read cursor | 
address register 









CA = (HD*VD - 1) 


Write (SA) to 
cursor address 
register 


Write (CA + 1) to 
cursor address 
register 











SA: start address 

CA: cursor. address 

HD: number of horizontal 
displayed characters 
number of vertical 
displayed characters 
(number of displayed 
vertical dots) 


VD: 


(number of vertical dots 


of one character) 


Figure 11-11 Flowchart for Moving Cursor Right 


SA: 
CA: 
HD: 


. key input 





VD: 


Read cursor 
address register 














| Write { CA = HD*(VD - 1) °} 
to cursor address 
register 


Write (CA + HD) to 
cursor address 
register 


start address 


. cursor address 


number of horizontal 
displayed characters 
number of vertical 

displayed characters 


(number of displayed 
vertical dots) 

(number of vertical dots 
character) 


Figure 11-12 Flowchart for Moving Cursor Down 
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11.6 Mode Control Programming 


The display mode can be changed by writing data to the mode register. In this 
case, it is also required to change parameters dependent on mode. 


Figure 11-13 shows the procedure for switching the LCTC from mode 1 (normal 
character) to mode 2 (wide character). In mode 2, the number of character dots 
(16 horizontal dots) is twice that in mode 1, and the number of horizontal 
displayed characters as well as total horizontal characters and horizontal vir- 
tual screen width in mode 2 become half of those in mode l. 


Figure 11-14 shows the procedure for switching the LCTC from mode 1 (character 
display) to mode 3 (graphic 1 display). In mode 3, the number of horizontal 
dots (16 dots) is twice that in mode 1, and the number of horizontal displayed 
characters as well as total horizontal characters and horizontal virtual screen 
width in mode 3 become half of those in mode l. 


The display is off while rewriting display data in order to prevent display 
errors, and, after completing rewriting, the display is on. 


: number of horizontal 
displayed characters 
: number of horizontal 
Write ($05) to total characters 
mode register : horizontal virtual 
screen width 
Write (HD/2) to 
horizontal displayec 
characters register 


Write (TD/2) to 
horizontal total 
characters register 


Writer (IR/2) to 
horizontal virtual 
screen width 
register 


Write $15 to mode 
register 





Figure 11-13 Flowchart for Changing from Mode 1 to Mode 2 SECTION 


5D 
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Mode 1 
HD: number of horizontal 
wy displayed characters 
TD: number of horizontal total 
characters 


Write $09 to IR: horizontal virtual 
mode register screen width 


Write (TD/2) to 
horizontal total 
characters register 


Write (HD/2) to 
horizontal displayed 
characters register 


horizontal virtual 


screen width 
register 


Rewrite memory 
data 





Write $19 to mode 
register 


/\ 


Mode 3 


Figure 11-14 Flowchart for Changing from Mode 1 to Mode 3 
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.2. DISPLAY METHODS AND SYSTEM CONFIGURATION 
\2.1 LCTC Display Methods and Features 


"he LCTC supports the following display methods. 


Table 12-1 LCTC Display Methods 


Display Method Unit of Memory MA Output Form Rasters per Usage 
Data Access (Bits) Character Row 
Character mode 8 Repeats in a same 1-32 Character display (graphic 
character row. display also, when the no. 


of rasters is 1) 


Graphic 1 mode 16 Increases continuously. ad Graphic display 

Graphic 2 mode 16 Repeats in a same 1-32 Graphic display (for graph- 
character row. ic software using the CRIC) 

OR function 8 Repeats in a same 1-32 Superimposition of 
character row. characters and graphics 


2; For the terms, refer to each mode explanation. 


.2.2 Character Mode 
1.2.2.1 Character display description 


‘igure 12-1 shows how the character display method works. It is necessary to 
scan and refresh the LCD screen constantly so as to keep characters displayed on 
che LCD screen. Therefore the LCD system usually stores display data in a 
nemory and refreshes the screen according to the data. Here we call the memory 
storing the data for displaying a "frame buffer." 


[here are two methods of writing data into a frame buffer from the MPU. One is 
a bitmap method and the other is a character display method. The former 
ljlirectly displays the data in a frame buffer. The latter uses character codes 
such as ASCII in a frame buffer, and displays character patterns converted from 
character codes by a character generator. Figure 12-2 shows how character codes 
are converted into character patterns. A character generator is a ROM gene- 
cating character patterns, using character codes and the scanning rasters as 





addresses. 
Character 
generator | Controller 
fee Se 7 
| 
I} eo 
| 
! 
| 
) | SECTION 
| Memory , 
| 5 
| 
Ps Ae es | Frame buffer 
MPU system 





and others 


Figure 12-1 How the Character Display Method Works 
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Character address 





Row address 


Reads in parallel. 


Specifies the scanning 
raster address hie RGA ARaBCL | 














| 
| 
| 
. 4l 2 | 
| 3 l 
 G } to the LED 
cia ae 5 | driver 
ASCII . Specifies | 6 | 
7-bit code the character | 7 | 
Hex "41" address. | Converts the data. 
| l | 
42 2 
l 3 | 
Frame buffer | 4 | 
| 5 { 
: 6 | 
7 { 
= | 
| ! 
| | 
| 1 
| 2 | 
3 ( 
| 4 | 
5 | 
| 6 | 
| ( 
bee, ee et dna ee | 


Character generator 
Figure 12-2 How the Character Patterns are Generated 


The merit of this method is that even a small-capacity frame buffer can store 
plenty of character patterns because they are condensed to be character codes, 
However, it cannot display the characters or graphics not contained in a 
character generator. Thus this method is suitable for displaying only charac- 
ters. 


12.2.2 System configuration and memory address output 


Figure 12-3 shows an example of the system configuration in the character mode. 
The display system is usually constructed with a character generator (C.G.ROM) 
and a frame buffer with ARAM and VRAM. In constructing the LCD system, no 
external parts are required since the LCTC can be connected directly with the 
LCD module. However, when the load capacitance of the LCTC exceeds the rating, 
noise will be produced. and it may cause malfunction. 


The LCTC offers the function of specifying the character attributes by 
character unit, such as reverse video and blink. To realize this function, the 
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frame buffer is constructed with two types of RAM's; one stores character codes 
(= VRAM), and the other stores attribute codes (= ARAM). ARAM is unnecessary in 
case of not using the attribute function. It is possible to construct one-RAM 
character display system without the attribute function by setting MDg-MD ]], and 
MD1]3-MD15 low and inputting CUDISP to MDj9. 


MPU 


LCD 
module 





Figure 12-3 System Configuration Example in the Character Mode 


As explained before, in the character mode, it is necessary to apply the same 
character addresses to the character generator as many times as the number of 
rasters constructing a character row (= set value in the maximum raster address 
register (R9) + 1). 


Therefore the MA pins output the same addresses to the frame buffer as many 
times as the number of rasters constructing a character row as shown in Figure 
12-4. Thus the outputs change in a saw-wave. The figure shows an examle of the 
screen with 3 character rows each of which is constructed with 3 rasters. 


l_ frame 
lst character row 3rd character row 
2nd character row 
1 t 
1 I 
} | 
| | 
{ 1 
Horizontal virtual 
screen width 


Be | 
Horizontal displayed 
characters 


SECTION 


3 rasters/character row 
3 character rows/screen 


Memory address 


D 


address 





Figure 12-4 MA Outputs in the Character Mode 
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12.3 Graphic 1 Mode (Bitmap Display) 
12.3.1 Bitmap display description 


Figure 12-5 shows how the bitmap display method works. This method displays the 
data in the frame buffer as it is. 


Controller 


Frame buffer LCD 





p------------ 


MPU system 
and others 


Figure 12-5 How the Bitmap Display Method Works 


It requires..the frame buffer whose capacity is as large as, or larger than the 
number of dots of a screen. However, a variety of displays are possible and it 
is suitable for graphic display since each bit of the frame buffer corresponds 


to that of the display screen. 


Graphic 1 mode displays bitmap data. 
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12.3.2 System configuration and memory address output 


Figure 12-6 shows an example of the system configuration in the graphic 1 mode. 
The graphic 1 mode of the LCTC displays bitmap data using the system for the 
character mode with the attribute function without any change. In this case, 
the data bypasses the C.G.ROM. Thus, the MPU accesses the memory data on 
16-bit basis and at least two memories are required. 


Bus 
driver 


LCD 
module 





Figure 12-6 System Configuration Example in Graphic 1 Mode 
The character mode can be used for bitmap display using only one RAM. For more 
details, refer to "13.1 1-RAM Graphic." 
The MA outputs increase linearly in bitmap display as shown in Figure 12-7 since 
the data in the frame buffer is displayed as it is on the LCD. The figure shows 
an example of the screen constructed with 8 rasters. 
RA outputs changes also in the graphic 1 mode, but it does not affect MA outputs 


unlike in the character mode. Thus the set value in the maximum raster address 
register (R9) is ignored. 


1 frame 


8 rasters/character row 


SECTION 


5 


Start — Horizontal virtual screen width 


address Horizontal displayed characters 





Figure 12-7 MA Outputs in the Graphic 1 Mode 
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12.4 Graphic 2 Mode 
12.4.1 Graphic 2 mode features and usage 
(1) Control of graphic software for HD6845 (CRTC) 


The graphic mode is used to handle graphic display software requiring the RA 
output signals for memory address management. 


In the LCTC graphic modes (modes 3, 7, 11, and 13), a memory address (MA) 
output changes continuously as shown in Figure 12-8(1). In the character 
modes, the character generator ROM is used. So, as shown in Figure 12-8(2), 
the MA output changes continuously in a raster and this operation is 
repeated as many times as the number of rasters in a character row. 





Memory Memory 
address \ address 
| 
t 
! 
H : 
| 
| 
i | 
i 
en 
| ! 
| | 
Ke} frame ————y kl character row 
(1) Graphic display (2) Character display 


Figure 12-8 Difference in Memory Address Management between Graphic Display 
and Character Display 


However, some graphic software for CRT display using CRTC (HD6845) use raster 
address (RA) output for address management as shown in Figure 12-9. Such soft- | 
ware cannot be controlled in the graphic mode. 


Memory 
address 
0000 


Even rasters 
(0,2,4,...,98) 


4,000 bytes 


Odd rasters 
(1335550228599) 


4,000 bytes 


Figure 12-9 Graphic Data Management by Raster Address 
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In the character mode, this type of software can be controlled. However, if 
character mode is used to run software which uses character display and graphic 
display, it causes two problems. The first one is that memory control capacity 
for graphic display becomes half because MDg-MDj5 are only for attribute code. 
The second one is that many connections of MA output and MD input must be 
changed in switching character display to graphic display. Therefore a large 
additional circuit is required. 


By using the graphic 2 mode, this type of software can be handled without these 
problems. 


(2) Features of Graphic 2 Mode 
The graphic mode has the following features: 
(i) 16-bit access 


A 16-bit access allows management of 128-kbyte memory. When character 
display is switched to graphic display, it is unnecessary to change con- 
nection of MD pins. 


(ii) Same memory address management .as character mode 


A changeable RA output allows control of graphic display software that 
requires RA output signals. 


12.4.2 System configuration and memory address output 


As explained before, the graphic 2 mode is for managing the graphic software run 
by the system using HD6845 (CRTC). Therefore the basic system configuration of 
the graphic 2 mode should be able to switch the character mode, which is the 
basic mode of ‘HD6845, to the graphic 2 mode. Figure 12-10 shows the example. 


In the graphic 2 mode, a raster address must be used as a part of memory address 
in the graphic display. Configure hardware so that an entry into a buffer 
memory address can be switched from MA output to RA output according to whether 
it is graphic 2 mode or character mode. 


Figure 12-10 shows an example of circuit configuration for controlling the 
graphic display software shown in Figure 12-9. 


‘SECTION 


5 
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MAo-MA]] 


Character mode 


MD12 


RAQ 
Graphic 2 mode 


MDg-MD7 (——j Multiplexer 


MDg-MD15 
c/t 


Controll input 











Figure 12-10 System Configuration Example in the Graphic 2 Mode 


The MA outputs are exactly the same as those in the character mode. It means 


that the MA pins output the same addresses as many times as the number set in 
the maximum raster address register (R9). 


lst character row 3rd character ro 


2nd character row 


| 
| 
. | 
Start 4 — Horizontal ‘virtual screen width 
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Memory address 





Time 


Figure 12-11 MA Outputs in the Graphic 2 Mode 
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12.5 OR Function 
12.5.1 OR function description 
The OR function is used to generate the OR of the data entered into MDg-MD7 


(e.g. character data) and the data entered into MDg-MD)5 (e.g. graphic data) in 
the LCTC and transfer such data as l-byte data. 


Character data Graphic data 
(Graphic data) (Character data) 


LCTC internal circuit 


| 
! 
! 
! 
| 
| 
| 
| 
| 
| 
| 
| 
| 
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Figure 12-12 OR Function 


The OR function is basically one of the functions in the character mode and 
should be explained in that section. However, it is preferable to explain here 
because this function requires modification of the external system. 


The attribute function is not available when the OR function is used, 


SECTION 


D 
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12.5.2 Superimposition of character displays 


Figure 12-13 shows the system configuration example of the superimposition of 
character displays. 


Multi- 
sae 


RAM (2) 


LCD 
module 





Figure 12-13 System Configuration Example of the Superimposition 
of Character Displays 


Here the 8-bit output data of the C.G.ROM corresponding to the character codes 
in the RAM(1) and RAM(2) are ORed. Then the ORed 8-bit output data will be 


displayed. Figure 12-14 shows an example of the superimposition of character 
displays. 


Superimposed 


Superimpose —> 
displays. 


SKATE 





Figure 12-14 Example of the Superimposition of Character Displays 


The MA and RA pins output addresses in exactly the same way as in the normal 
character mode. 
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12.5.3 Superimposition of graphic displays 


Figure 12-15 shows the system configuration example of the superimposition of 
Set 0 into the maximum raster address register and connect no 


graphic displays. 
wire to the RA pins here. 


module 





Figure 12-15 System Configuration Example of the Superimposition 
of Graphic Displays 


Here the 8-bit graphic data of the RAM(1) and RAM(2) are ORed. And then the 
ORed 8-bit output data will be displayed. Figure 12-16 shows an example of the 


superimposition of graphic displays. 


Superimposed 
display _ 


Superimpose 
displays. 


Ol "70 '80 
Sj =o we). 
JO! '79 'g9 





D 


Figure 12-16 Example of the Superimposition of Graphic Displays 





The MA pins output addresses in exactly the same way as in the graphic 1 mode 
(bitmap display). 
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12.5.4 Superimposition of graphic display and character display 
(1) System configuration 


The following operations are needed to realize the superimposition of 
graphics and characters: set the mode of the LCTC for character display, 
connect MA and RA outputs to the RAM containing graphic data, and supply the 
addresses increasing linearly. Thus the system configuration is to be one 
shown in Figure 12-17. 


Bus 
driver 


LCD 
-C. : Graphic Code module 
. 3 Character Code 2G. 


: Character Generator 





Figure 12-17 System Configuration Example of the Superimposition 
of Graphic Display and Character Display 


(2) Display format and how to connect memory addresses 


The LCTC operates in the character display mode when the system is for 
superimposition of graphics and characters. Thus, the connection to the 
C.C.RAM addresses should be the same as that of normal character display mode. 


The connection to the G.C. RAM is as follows: The address of the data to be 
displayed on the first raster is the same in both the character display and 
the graphic display. Thus, the low-order bits of the MA, each of which 
controls the data for a raster, should be connected to the low-order bits of 
G.C.RAM addresses. And the RA, each of which controlls the data for a 
character row, should be connected to the less low-order bits of G.C.RAM 
addresses. Finally, the rest bits of the MA should be connected to the least 
low-order bits of G.C.RAM addresses. 


Suppose a screen whose number of horizontal dots of a panel is D and whose 
number of rasters in a character row is R. As one address can specify one 
byte, j (= the number of low-order bits, each of which controls the data for 
a raster) can be calculated with the following expressions: 


(23) sp < (23)5t1 


+. 23+3 <p < 25t4 


Then connect the RA, each of which controls the data for a character row, to 
the less low-order bits of G.C.RAM addresses. k (= the number of RA bits) 
can be calculated with the following expression: 


ak < R < 2 k+1 
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Here, connect the memory addresses as follows; 


Graphic RAM Address Connected to (of the LCTC) 


mag-ma(j - 1) MAQ-MA(j - 1) 
maj-mMa(j + k - 1) RAg-RA(k - 1) 
ma(j + k)7 MA j- 


Figure 12-18(i) shows an example of the screen when D = 256 and R= 8. 


2>+3¢ 256 < 29 + 4 
23<¢8 < 23 +1 


Thus j is to be 5 and k is to be 3 since they are expressed in the above 
inequalities. Therefore connect MAQ-MA, of the LCTC to memory addresses 
mag-may, RAg-RAg of the LCTC to ma5-ma7, and MAs5- of the LCTC to mag-. 
Figure 12-18(ii) shows the connection example. 


32 characters x 8 dots = 256 dots 


1 byte (8 bits) 


8 rasters 


(1 character 


24 character rows 
x 8 rasters 


= 192 rasters 


6113 6143 


address 
(i) Example (1) of the Graphic RAM Display 


HD63645F 


G.C. RAM 
address 


‘SECTION | 


OFNMWEURDWHOO 


=] 
i) 


(ii) Example (1) of the Connection of the Graphic RAM and the LCTC 





Figure 12-18 RAM Address Connection Example (1) in Superimposition 
of Graphic Display and Character Display 
HITACHI 
Hitachi America Ltd. © Hitachi Plaza e 2000 Sierra Point Pkwy. © Brisbane, CA 94005-1819 e (415) 589-8300 133 


134 


(3) Display format and memory address control 


(4) 


This method supplies continuous addresses to the graphic RAM only when D (= 
the number of horizontal dots of a screen) is the xth power of 2. When 
not, some area of the RAM will be invalid and cannot be accessed by the 
LCTC. 


Figure 12-19(1) shows the graphic RAM address control in a screen of 640 
(horizontal) x 200 (vertical) dots. Although a screen needs the data of 640 

x 200 = 128,000 bits, the graphic RAM needs the capacity of 640 x (1,024/640) 

x 200 = 204,800 bits. When the MPU writes data into the graphic RAM, the inva- 
lid area should be taken into consideration. Figure 12-19(2) shows the 
relation between the invalid area of the RAM and the data display position 

on a screen of 640 x 200 dots. 


1 byte (8 bits) 


[| valid 
: V/A invalid 


| 25,474 25,473 


(1) Memory address and display 
position on a screen (2) Invalid area of the RAM 





Figure 12-19 Graphic RAM Address Control in a Screen of 640 x 200 Dots 


Other methods for superimposition of character display and graphic display 


Using a raster address signal as a chip select signal of a memory lessens 
the invalid area of the RAM mentioned before. Here as many memories as the 
number of rasters of a character row are used. The Nth raster data of each 
character row are placed in the Nth memory in line, 


This method increases the number of external RAM's. Figure 12-20 shows an 
example of memory address connection when a screen size is 640 x 200 dots and 
a character row is constructed with 8 rasters. Since (640 x 200)/8 equals 
16,000, it requires as many as 8 memories of 16 kbits. Therefore it can 
lessen the invalid area. 
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(ii) Example (2) of graphic RAM display 


Figure 12-20 RAM Address Connection Example (2) in Superimposing 5 _ 
of Graphic Display and Character Display 2 2 
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13. LCTC APPLICATION 
13.1 1 RAM Graphics 


Conventionally, graphics can be performed using 2 RAMs with a small LCD. That 
is, the LCTC fetches 1 byte of data from V-RAM (video RAM) and 1 byte of data 
from A-RAM (attribute RAM), and outputs 1 byte of data in character mode, while 
it outputs 2 bytes of data (A-RAM + V-RAM) in graphic mode. This method, 
however, requires 2 RAMs to perform graphic display, and thus its system con- 

figuration cost is relatively expensive when using a small LCD. As an alter- 
native, graphics can be performed by outputting 1 byte of data using the LCTC in 
character mode. Consequently, the maximum raster address must be set to 0, and 
then V-RAM data is input without CGROM. (See Figure 13-1.) 





Figure 13-1 Graphic Display System Using 1 RAM 


13.2 Method of Chinese Character Display 


Since the LCTC is very suitable for large scale LCDs, it is very useful for 

display control of processors such as in compact, portable word processors whose 
screens are recently becoming larger. 

Three methods can be used to perform Chinese character display by using the 

LCTC. First of all, the LCTC is used in character mode. Since one character is 
displayed in 1 to 32 dots (height) x 8 dots (width) with A-RAM data = 8 bits and 
V-RAM data = 8 bits for normal character display, only 256 characters can be 
provided in this method. However, since an attribute function of the LCTC re- 
quires only 4 bits, the remaining 12 bits can be used as addresses for a character 
generator, so that the attribute function can still be used and 4096 characters can 
be provided. An attribute for each Chinese character can also be specified. 
Because of 16 bits, a cursor cannot be used, but an underline attribute utilizing 
nondisplay (black) attribute 
can substitute. Generate the 
signal which becomes high while 
the raster is being selected on 
which the user want to display 

a cursor. Then ANDed it with 
the signal corresponding to 
nondisplay (block) in the 
attribute RAM to apply it to 
MD15. 

In this case, a Chinese charac- 
ter generator in low scan mode 
with l-set-l-chip configuration, 
displaying 16 x 16 dots, should Figure 13-2 System Configuration (1) 

be used. for Displaying Chinese 

| Characters (in character mode) 
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Character pattern configuration 


Scan address 
(A4 - AQ) 


ac 
es 
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~ 
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Character 
address 
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Figure 13-3 Chinese Character ROM for System Configuration (1) 


Display data 
Attribute RAM 





Figure 13-4 Application of Attribute Function (Underline) 


In the second method, graphic 2 mode 

is used. Since this mode can control 
raster addresses and is 16-bit data 
fetch type, it can handle 16 x 16 dot 
Chinese characters as they are. As for 
the system configuration shown in 
Figure 13-5, data from CGROM is fetched 
into MDO to MDI5 (16 bits). In this 
case, an attribute function cannot be 
used. A Chinese character generator in 
low scan mode with l-set-2-chip con- 
figuration, displaying 16 x 16 dots, 
should be used. 


SECTION 





Figure 13-5 System Configuration (2) 
for Chinese Character 
Display (Graphic 2 mode) 
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Character pattern configuration System configuration 


affords dese odo doses oJ 


D5 -----—-DsDi--------D0 


= 
fe 
Scan address 

(A3-A0)> 


HN 62801 .A P| HN 62801AP 


Character 


address 
(A16-A4)7 








Figure 13-6 Chinese Character ROM 
for System Configuration (2) 


In the third method, graphic 1 mode is used. In this case, as shown in Figure 
13-7, CGROM is located near the MPU and Chinese characters are written into a 
display buffer as a bit pattern. Through the MPU, display functions such as 
character variation or overlaying with figures are enhanced. Also, using this 
method with 1 RAM graphics (see section 13.1) enables low-cost operation. 





Figure 13-7 System Configuration (3) for Chinese Character Display 
(Graphic 1 mode) 
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13.3 Software Compatible with CRTC 


Since LCTC internal register configuration and control method of memory address 
are based on CRT controller HD6845 (CRTC), conventional CRT display system soft- 
ware can be used; a CRT system can be easily replaced by an LCD system. 


(1) System configuration 


Figure 13-8 (a) shows the CRTC system and Figure 13-8 (b) shows the LCTC 
system. 
Basic configuration (especially memory peripheral configuration important in 
programming) is the same. Therefore, LCD display system, which is software com- 
patible with CRTC, is configured taking into account the points in (2) and 
' afterwards. The circuits corresponding to dot counter, P/S converter circuit 
and video control circuit are incorporated, and directly connecting LCTC output 
to the LCD module provides an easy and compact display system configuration. 
Note that since a light pen cannot be used for an LCD display, the LCTC does not 
provide light pen control functions. 


(2) Memory control 


The LCTC employs the same memory control method as the CRTC. That is, use of 
the DISPTMG signal enables the LCTC to indicate its memory access time to the 
MPU, and allows for time sharing by the LCTC and MPU. A dot counter is also 
included and cycle steal can be easily performed by indication of MCLK signal 
output. 

Since an LCD display does not require HSYNC signal nor VSYNC signal, the LCTC 
does not output these signals. However, some CRT display software utilize these 
signals to identify horizontal and vertical retrace period. To accommodate 
these software, CL1 and FLM should be used instead of HSYNC signal and VSYNC 
signal, respectively. 


(3) Register configuration 


As shown in Table 13-1, LCTC register configuration is compatible with the CRTC. 
The LCTC, however, does not provide registers (R2 to R7) related to horizontal 
and vertical synchronization unnecessary for LCD display, as well as the 
interlace register (R8) and registers (R16 and R17) related to light pen func- 
tions. Data written into these non-existent registers is ignored. 


Address bus Address bus 
Ao — Ais Ao Ais 
Data bus Data bus 

Do — Dz Do- Dy 


AQ— ° 
MA Bus driver Bus driver 


eae Oscillation 
eae circuit 
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(ol) 
“A 
pa 
an 
a 
a 
3) 
w 
io) 


Character 
Character H generator 


generator 


DISPTMG 
CUDISP 
Light pen MCLK 


c}=oun(e)\ i 


LCD module 


(a) System Configuration Using HD6845 (b) System Configuration Using HD63645F/ 
(CRTC) HD64645F (LCTC) 





Figure 13-8 Comparison of Charactet Dreolay System Between the CRTC and LCTC 
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Nevertheless, display information, such as number of display characters, display 
format of the maximum raster, and cursor and start address, can be displayed 
on the LCD without modifying a CRIC program. 


(4) Additional registers and easy mode 


R18 to R22 are newly added to the LCTC, providing functions for higher display 
performance than the CRTC. Therefore, since the CRTC does not provide these 
registers, they must be additionally specified to run a CRTC program. However, 
if specified in BIOS at system startup, application software does not have to be 
modified. 

Moreover, when the screen size is 200 x 640 dots, BIOS does not have to be 
modified when using the easy mode function; the CRTC program is activated even 
if software is not modified at all. When MODE pin is set to high, easy mode 

is entered and register values are specified as shown in Table 13-2. *IBM-PC 
software can be handled by this mode. 


*; IBM-PC is a registered trademark of International 
Business Machines, Inc. 


Table 13-1 Internal Register Comparison between 
Rig the LCTC and CRTC 
No. LCTC HD63645F/HD64645F Comparison CRTC HD6845 


AR Address Register Equivalent to CRTC Address Register 

















RO Horizontal Total Characters Horizontal Total Characters 
Rl —_—sCHorizontal Displayed Characters Horizontal Displayed Characters 
R2 Particular to CRTC; Horizontal Sync Position 
R3 . unnecessary for LCTC Sync Width 
R4 Vertical Total Rows 
R5 Vertical Total Adjust 
R6 Vertical Displayed Rows 
R7 Vertical Sync Position 
R8 Interlace Mode and Skew 
R9 Maximum Raster Address Equivalent to CRTC Maximum Raster Address 
R10 Cursor Start Raster Cursor Start Raster 
R11 Cursor End Raster Cursor End Raster 
R12 Start Address (H) Start Address (H) 
R13 Start Address (L) ‘Start Address (L) 
R14 — Cursor Address (H) Cursor (H) | 
R15 Cursor Address (L) Cursor (L) 
R16 Particular to CRTC; Light Pen (H) 
R17 unnecessary for LCTC Light Pen (L) 
R18 Horizontal Virtual Screen Width Additional registers for LCTC 
R19 — Multiplexing Duty Ratio (H) 
R20 Multiplexing Duty Ratio (L) 
R21 Display Start Raster 
R22 Mode Register 
Table 13-2 Register Values in Easy Mode 
Reg. No. Register Name | Fixed Value (decimal) 
RQ Maximum raster address 7 
R10 Cursor start raster 6 
Rll Cursor end raster 7 
R18 Horizontal virtua! screen width Same value as (R1) 
R19 Multiplexing duty: ratio (H) _ 99 (in dual screen mode) 
R20 Multiplexing duty ratio (L) 199 (in single screen mode) 
R21 Display start raster 0 . 
R22 Mode register 0 
@ HITACHI 


Hitachi America Ltd. ¢ Hitachi Plaza ¢ 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 (415) 589-8300 


13.4 How to Connect with ACRTC 


Since the LCTC is designed to be software compatible with the CRTC, it does not 
provide a drawing function which the ACRTC has. However, using the ACRTC as a 
drawing processor enables a configuration in which the ACRTC gives its drawing 
to a display buffer, from which the LCTC can display it on the LCD. 


Figure 13-9 shows a block diagram of this configuration. This allows the effec- 
tive use of the ACRIC drawing function on the LCD. In this case, timing should 
be designed so that the LCTC and ACRTIC share access of the display buffer by 
cycle steal. 


Frame memory 
Data bus ‘ 


Address bus 


Memory 
control 
circuit 


Driver 


* Multiplexer 





Figure 13-9 Connection with the ACRTC 


As shown above, if the LCTC is configured to display, some ACRTC functions can- 
not be used. That is, the drawing processor within the ACRTC can be used, but 
not its display processor. 


SECTION 


5 
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The 


(a) 


(b) 


(c) 


(d) 


(e) 


(£) 


The 


following ACRTC functions can be used. 


High Level Command Language: 


High Speed Graphic Drawings: 


Pattern Graphic Drawing: 


Drawing operation: 


38 commands including graphic drawing commands 

such as LINE, CIRCLE, ELLIPSE, PAINT and COPY. 

With X-Y coordinates as a parameter, throughput 
of the system is enormously improved. 


Maximum 408 ns/pixel 

By unique memory storing method, the same 
graphic drawing is performed for both 
monochrome and color display. 


Using 32-byte pattern RAM, tilling can be 
easily performed by using color patterns. 


8 drawing operation modes (REPLACE, OR, AND, 
EOR and 4 CONDITIONAL REPLACEs) are provided. 
In particular, using CONDITIONAL REPLACE 
enables conditional color drawing such as spe- 
cifications of the specific background color 
and drawing inhibited color, drawing of color 
data with priority. 


Drawing area detection function: 


DMA interface: 


Controls drawing area such as drawing inhibi- 
tion outside of a specified area or detection 
of a particular area 


Control signal of DMA controller is provided, and 
command transfer and high speed DMA transfer 
between system memory and frame buffer are sup- 
ported. 


following functions cannot be used. 


(a) Split screens 

(b) Zooming 

(c) Smooth scroll 

(d) Screen overlaying 


(e) External synchronization 


(£) Programmable cursors 


LCTC functions partially cover (c) and (d) of the above functions. For details 
of the ACRTC, refer to "HD63484 ACRTC User's Manual". 
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14. ELECTRICAL CHARACTERISTICS 


14.1 Absolute Maximum Ratings 











item Symbol Value Note 
Supply voltage Vec —0.3 to +7.0V 2 
Terminal voltage Vin —0.3 to Vec +0.3V 2 
Operating temperature | Topr —20°C to +75°C 

Storage temperature Tstg —55°C to +125°C 





Notes: 1. Permanent LSI damage may occur if maximum ratings are exceeded. Normal operation should be under recommended operating 
conditions (Vcc = 5.0 V 10%, GND = OV, Ta = —20°C to +75°C). If these conditions are exceeded, it could affect reliability of 
LSI. 
2. Width respect to GROUND (GND = 0 V) 


14.2 DC characteristics (Vcc = 5.0 V+10%, GND = 0 V, Ta = —20°C to +75°C, 
unless otherwise noted.) 





Test 
item Symbol Min Typ Max Unit Condition 
Input high voltage RES, MODE, SKO, SK1 Vin = Vec—0.5 Vec+0.3 V 
DCLK, ON/OFF 2.2 Vec+0.3 V a 
All others 2.0 Vcc+0.3 V 
Input low voltage All others Vit -0.3 0.8 V 
Output high voltage TTL Interface! Vou 2.4 — V lox= — 400A 
CMOS Interface! Vcc —0.8 — V lon= —400uA 
Output low voltage TTL Interface Voi — 0.4 V lo.=1.6mA 
CMOS Interface — 0.8 V lo.=400uA 
Input leakage current All inputs except hie =2.9 +2.5 uA 
DBo—DB7 
Three state (off-state) DBo—DB7 ITSL —10 +10 nA 


leakage current 
Current dissipation? lec — 10 mA 


Notes: 1. TTL Interface; MAO-MA15, RAO-RA4, DISPTMG, CUDISP, DBO-DB7, MCLK 
CMOS Interface; LUO-LU3, LDO-LD3, CL1, CL2, M, FLM 
2. Input/output current is excluded. When input.is at the intermediate level with CMOS, excessive current flows through the input circuit 
to power supply. Input level must be fixed at high or low to avoid this condition. 
3. If the capacity loads of LUO-LU3 and LDO-LD3 exceed the rating, noise over 0.8 V may be produced on CUDISP, DISPTMG, MCLK, 
FLM and M. In case the loads of LUO-LU3 and LDO-LD3 are larger than the ratings, supply signals to the LCD module through buffers. 
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14.3 AC Characteristics 


CPU Interface (HD63645F - 68 family) 


item Symbol Min Typ Max Unit Figure 
Enable cycle time tcyce 500 — _— ns 14-1 
Enable pulse width (high) Pwen 220 — — ns 

Enable pulse width (low) Pwet 220 — — ns 

Enable rise time ter — — 25 ns 

Enable fall time ter = ae 25 ns 

CS, RS, R/W setup time tas 70 — — ns 

CS, RS, R/W hold time taH 10 — -— ns 

DBo-DB7 setup time tos 60 = — ns 

DBo-DB7 hold time ~  toHw 10 as = ns 

DBo-DB7 output delay time topr — = 150 ns 

DBo-DB7 output hold time toHR 20 = = ns 


DB —DB, 
(input) 


DBo—DB, 3 = Data Valid 


(output) 





Figure 14-1 CPU Interface (HD63645F-68 family) 
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CPU Interface (HD64645F, HD64646F - 80 family) 


Item Symbol Min Typ Max Unit Figure 


RD high level width twRDH 190 a = ns 14-2 
RD low level width tWRDL 190 — aa ns 
WR high level width twWDH 190 — — ns 
WR low level width twwoL 190 a = ns 
CS, RS setup time tas 0 — — ns 
CS, RS hold time taH 0 — — ns 
DBo-DB7 setup time tosw 100 = ca ns 
_ DBo-DB7 hold time toHw 0 = oo ns 
DBo-DB7 output delay time tpprR = == 150 ns 
DBo-DB7 output hold time toHR 20 — == ns 


output 





Figure 14-2 CPU Interface (HD64645F, HD64646F-80 family) 
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AC Characteristics (Cont) 


Memory Interface 


item Symbol Min Typ Max Unit Figure 
DCLK cycle time tcycp 100 —- = ns 14-3 

- DCLK high level width twou 30 = — ns 
DCLK low level width twoL 30 — — ns 
DCLK rise time tor = aa 20 ns 
DCLK fall time tor = = 20 ns 
MCLK delay time . tomb =< — 60 ns 
MCLK rise time tmr = = 30 ns 
MCLK fall time tut = aus 30 ns 
MAO-MAI15 delay time tmaD oa aed 150 ns 
MAO-MA15 hold time tMaH 10 ~- — ns 
RAO-RA4 delay time trRaAD =a oie 150 ns 
RAO-RA4 hold time tRAH 10 = = ns 
DISPTMG delay time toto — — 150 ns 
DISPTMG hold time | toTH 10 — — ns 
CUDISP delay time tcpp — — 150 ns 
CUDISP hold time tcbH 10 — — ns 
CL1 delay time tcLip ss = 150 ns 
CL1 hold time tcLiH 10 = aca ns 
CL1 rise time | toLir — — 50 ns 
CL1 fall time tcLif ae oT 50 ns 
MDO-MD15 setup time tmps 30 — = ns 
MDO-MD15 hold time tMDH 15 = aad ns 
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Figure 14-3 Memory Interface 
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AC Characteristics (Cont) 


LCD Interface 1 (HD63645F, HD64645F) 


‘Item Symbol Min Typ Max -—s-Unit_:~—Ssé‘Figuire 
Display data setup time tLos 50 —_ —- ns 14-4 
Display data hold time tLDH 100 — — ns 
CL2 high level width tweL2H 100 = _ ns 
CL2 low level width twcL2L 100 — — ns 
FLM setup time trs | 500 — — ns 
FLM hold time tFH 300 — — ns 
CL1 rise time tctir — — 50 ns 
CL1 fall time tcLif cated = 50 ns 
CL2 rise time tcL2r ome = 50 ns 
CL2 fall time tcLa¢ = te 50 ns 


Note: At fci2 = 3 MHz 


LUO—LU3 
LDO—LD3 





Figure 14-4 LCD Interface (HD63645F, HD64645F) 
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AC Characteristics (Cont) 


LCD Interface 2 (HD64646F) 















































Item Symbol Min Typ Max Unit Figure 

FLM setup time trs 500 - - ns Figure 14-5 

FLM hold time try 300 - - ns 

M delay time Com - - 200 ns 

CL1 high level width CcL1H 300 - - ns 

Clock setup time CSCL 500 - - ns 

Clock hold time CHCL 100 - - ns 

Phase difference l Cpp1 100 - - ns 

Phase Difference 2 pp? 500 - - ns 

CL2 high level width CcL 2H 100 - ~ ns 

CL2 low level width CcL2L 100 _ - ns 

CL2 rise time CcL2r = - 50 ns 

CL2 fall time CcL2¢F ~ - 50 ns 

Display data setup time Crps 80 - - ns 
Display data hold time ‘CLDH 100 - - ns 

Display data deley time CLpp - - 30 ns 

Note: At fczu2 = 3 MHz 

LCD Interface 3 

Item Symbol Min Typ Max Unit Figure 

FLM setup time trs — 500 - ~ ns Figure 14-5 

FLM hold time trH 200 —ié«CE - ns 

M delay time tom - - 200 ns 

CL1 high level width CcL1H 300 - - ns 

Clock setup time tocr, 500 - - ns 

Clock hold time CucL 100 - _ ns 

Phase difference l Cpp1 70 - - ns 

Phase difference 2 Cpp2 500 - - ns 

CL2 high level width tcL2H 50 - - ns 

CL2 low level width tCcLan 50 - - ns 

CL2 rise time CcL2r = = 50 ns 

CL2 fall time SCL2£ z = 50 ns oe 
Display data setup time ‘LDS 30 a - ‘ns 

Display data hold time ‘CLDH 30 - ~ ns 5 
Display data delay time ‘CLDD - - 30 ns 

Note: At fcu2 = 5 MHz 
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Figure 14-5 LCD Interface (HD64646F) 
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AC Characteristics 


TTL Load 

Pin Rt R Cc Remarks 

DBo-DB7 2.4 kO 11 kQ 130 pF tr, tf: Not specified 
MAO-MA15, RAO-RA4, DISPTMG, CUDISP 2.4k0 11kQ 40 pF 

MCLK 2.4k0 11 kQ 30 pF tr, tf: Specified 


All diodes; 152074@) 





Capacity Load 





Pin Cc Remarks 
CL2 | 150 pF tr, tf: Specified 
CL1 200 pF 
LUO-LU3, LDO-LD3, M 150 pF tr, tf: Not specified 
FLM 50 pF . 
Cc 
SECTION 
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15. PACKAGE DIMENSION 
Scale: 3, 


(Unit: mm (inch) 
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~APPENDIX- 


A. Abnormal Operation by Rewriting Registers during Display* 


Reg. : Abnormal Operation by Rewriting Registers  Rewritable 
No. Bes Teer pane and Countermeasure or not ** 
RO Horizontal Total The horizontal scanning period goes out of 
Characters order. x 
Rl Horizontal DISPTMG width may be shorter than the 
Displayed specified value, because the number of 
Characters horizontal display characters is mis~- O 
takenly obtained in rewriting registers 
only for 1 raster period. 
R9 Maximum Raster The number of rasters in one row might 


Address be temporarily different from the specified A 
value by rewriting. Rewriting should 


be performed during DISPTMG low. 


R10 Cursor Start Cursor raster may not be correctly A 
Raster displayed. Also, blinking cycle may be 

R11 Cursor End shorter temporarily. Rewriting should K 
Raster be performed during DISPTMG low. 

R12 Start Address R12 and R13 are used during the last raster 
(H) period of 1 field. Except for this period, O 

rewriting is possible. Rewriting R12 and 

R13 Start Address R13 in respective fields allows temporary 

(L) display by start address dynamically O 


determined in rewriting. 


R14 Cursor Address Rewriting in display period may temporarily 
(H) cause cursor to be displayed at an address O 
different from that specified. Rewriting 
should be performed during DISPTMG low. 
R15 Cursor Address Rewriting R12 and R13 in respective fields 


(L) allows cursor to be displayed temporarily O 
at dynamic address in rewriting. 
R18 Horizontal R18 is used during the last MCLK cycle of 
Virtual Screen raster period. Rewriting during this 
Width riod display} at an address 4 
pe may cause displaying addre 
different from that specified. | 
R19 Multiplexing Rewriting in the last raster period of one A 
Duty Ratio (H) field may cause the vertical scanning 
R20 Multiplexing period to go out of order. Except for this A 
Duty Ratio (L) period, rewriting is possible. 
R21 Display Start R21 1s used in the last raster period of 
Raster one field. Except for this period, rewriting O 
is possible. 
R22 Mode Register Rewriting during display period may temporarily 
cause distortion on the screen. Rewriting ma 


should be performed during DISPTMG low. 


*; Temporarily occurs in rewriting an internal register during display. 
Usually after rewriting, the LSI performs display operation from the next 





field. (As operations in this table fall outside of the guaranteed range,  ounte)\} 
they are shown just for reference.) 
**:(O--- The register can be rewritten without affecting display screen. 
A--- The register can be rewritten under certain conditions. If the con- 
ditions are not met, flickers temporarily occur. 
X--- Rewriting may cause flickers temporarily. © 
@ HITACHI 


Hitachi America Ltd. » Hitachi Plaza ¢ 2000 Sierra Point Pkwy. © Brisbane, CA 94005-1819 © (415) 589-8300 153 iy 


B. Programming Precautions 


Since internal register data to be written has the following limitations as 
shown in Table 1 , extra care should be taken in programming. 


Table 1 Limitations of Register Data to Be Written 


Function Limitation | Applicable 
| registers 

















1 <Nhd < Nht + 1 < 256 RO, RI 
16 
Nhd + —", S Nht + 1 
Screen (Number of vertical dots) x (Number of horizontal} RI, R19 
Configuration | dots) x (Frame frequency; fFRM) ¢ (Data transfer R20 








speed; V) 


* * 
sh ? x (Nd +1) x Nhd x {,°} er ee 


*1l: The value of m depends on the mode, as shown in the following table. 










Cursor Control 





*2: Set to 1 if the LCD screen has 1 panel and single screen configuration and 
to 2 if the LCD screen has 2 panels and single screen configuration. Refer 
to the following table. 


n 


*3: Set to 8 if one character consists of 8 dots and to 16 if one character ‘co 
sists of 16 dots, as shown below. 








16 
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C. Reset Sequence 


RES pin determines the internal state of LSI counters and the like. 


This pin 
neither affect register contents nor control output pins basically. 


Reset is defined as follows (Figure C-1): 


° At reset: the time when RES goes low 
° During reset: the period while RES remains low 
° After reset: the period on and after RES transition from low to high 





During reset After reset 


At reset 


Figure C-l1 Reset Definition 


RES pin should be pulled high by users during operation. 
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C.1l Reset State 


(1) Reset State of Pins 


RES pin does not basically control output pins. 
of other input pins. 


1 - 16 MDO - MDI5 MEMORY DATA 0 - 15 


Pin No. Symbol 

17 Vccl 

18 - 21 LD3 - LDO 

22 - 25 LU3 - LUO 

26 M 

27 FLM 

28 CL1 

29 CL2 

30, 31 SKO, SKI 

32 Vcc2 

33 DCLK 

34 MCLK 

35 DISPTMG 

36 CUDISP 

37 GND2 

38 RES 

39 cs 

40 RS 

41 E 

42 R/W 

43 -— 50 DBO - DB7 

51 BLE 

52 MODE _ 

53 ON/OFF 

54 WIDE 

55 D/S 

56 LS 

57 AT_ 

58 G/C 

59 GND1 

60 - 64 RAO — RA4 

65 - 80 MAO - MAILS 
* 1: 


It also 


operates independently 


Reset state of each pin is shown below. 


Name 


Vcc 


LCD DOWN DATA 3 - 0 


LCD UP DATA 3 - 0 
M 

FIRST LINE MARKER 
CLOCK1 

CLOCK2 

SKEWO, 1 

Vcc 

D CLOCK 

M CLOCK 

DISPLAY TIMING 
CURSOR DISPLAY 
GROUND 

RESET 

CHIP SELECT 
REGISTER SELECT 
ENABLE 

READ /WRITE 

DATA BUS 0 - 7 
BLINK ENABLE 

MODE 

ON/OFF 

WIDE 

DUAL/ SINGLE 

LARGE SCREEN 
ATTRIBUTE 

GRAPHIC /CHARACTER 
GROUND 


RASTER ADDRESS 0 - 4 
MEMORY ADDRESS 0 - 4 


re 
© 


Om ft a OOQonceod tl] am™ 


eH 
oo ! ented ated tel int el el at ce ee 


Description 


Unaffected 
Preserves 
Preserves 
Preserves 
Preserves 
Preserves 
Depends on 
Unaffected 


Unaffected 


states before reset 
states before reset 
state before reset 

state before reset 

state before reset 

mode* 


Fixed at high level 


Preserves 
Preserves 


Unaffected 
Unaffected 
Unaffected 
Unaffected 
Unaffected 
Unaffected 
Unaffected 
Unaffected 
Unaffected 
Unaffected 
Unaffected 
Unaffected 
Unaffected 
Preserves 

Preserves 


reset 
reset 


state before 
state before 


states before reset 
states before reset 


The reset state of CL2 depends on the mode as follows. 


Fixed at low level 
) 


Fixed at high level with 
RES state in data transfer 
@) Fixed at low level with 





(2) Reset State of Registers 


RES pin does not affect register contents. 


and written even during reset state. 
regardless of reset until they are rewritten. 
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C.2 Display Sequence after Reset 


The LCTC starts display operation immediately after reset. Take extra care 
since in the first field after reset, its display operation is different from 
normal operation. 


The differences between normal operation and that after reset are as follows: 
(1) After reset, memory address (MA) starts from 0 in the first field, and 


from the set value in the start address register (R12, R13) after that 
field. 


(2) After reset, raster address (RA) starts from 0 in the first field, and 
from the set value in the display start raster register (R21). 


@ HITACHI 
Hitachi America Ltd. ¢ Hitachi Plaza « 2000 Sierra Point Pkwy. « Brisbane, CA 94005-1819 © (415) 589-8300 


157 


SECTION 


5 








Hitachi America, Ltd. 


SEMICONDUCTOR and IC DIVISION 


Hitachi America, Ltd. 
Semiconductor & IC Division 
Hitachi Plaza 

2000 Sierra Point Parkway 
Brisbane, CA 94005-1819 
Telephone: 415-589-8300 
Telex: 17-1581 

Twx: 910-338-2103 

FAX: 415-583-4207 





REGIONAL OFFICES 


MID-ATLANTIC REGION 


Hitachi America, Ltd. 
1700 Galloping Hill Rd. 
Kenilworth, NJ 07033 
201/245-6400 


NORTHEAST REGION 
Hitachi America, Ltd. 

5 Burlington Woods Drive 
Burlington, MA 01803 | 
617/229-2150 


NORTH CENTRAL REGION 
Hitachi America, Ltd. 

500 Park Blvd., Suite 415 
Itasca, IL 60143 


NORTHWEST REGION 
Hitachi America, Ltd. 
2000 Sierra Point Parkway 
Brisbane, CA 94005-1819 
415/589-8300 


SOUTH CENTRAL REGION 
Hitachi America, Ltd. 

Two Lincoln Centre, Suite 865 
5420 LBJ Freeway 

Dallas, TX 75240 
214/991-4510 


SOUTHWEST REGION 


Hitachi America, Ltd. 
18300 Von Karman Avenue, 


SOUTHEAST REGION 


Hitachi America, Ltd. 

4901 N.W. 17th Way, Suite 302 
Fort Lauderdale, FL 33309 
305/491-6154 


AUTOMOTIVE 


Hitachi America, Ltd. 
6 Parklane Blvd., #558 
Dearborn, MI 48126 
313/271-4410 





312/773-4864 Suite 730 . 
Irvine, CA 92715 
714/553-8500 
DISTRICT OFFICES 


Hitachi America, Ltd. 
3800 W. 80th Street 
Suite 1050 
Bloomington, MN 55431 
612/896-3444 


Hitachi America, Ltd. 

21 Old Main Street, Suite 104 

Fishkill, NY 12524 
914/897-3000 


158 


Hitachi America Ltd. e Hitachi Plaza e 2000 


Hitachi America, Ltd. 
6161 Savoy Dr., Suite 850 
Houston, TX 77036 
713/974-0534 


Hitachi (Canadian) Ltd. 
2625 Queensview Dr. 


Ottawa, Ontario, Canada K2A 3Y4 


613/596-2777 


© HITACHI 


Hitachi America, Ltd. 
401 Harrison Oaks Blvd. 
Suite #317 

Cary, NC 27513 
919/481-3908 


Sierra Point Pkwy. © Brisbane, CA 94005-1819 © (415) 589-8300 








-_-, 


~ 


- RRR eT eG TENORS eee gt) Wy! pu My Ommy een 44 =— = a 








— 
~~ os oh) & 
| = 

7. ; > 


eT a a 


Our Standards Set Standards 


Hitachi America, Ltd. 

elaallorelate Uleie)me laren @uB ices 

Hitachi Plaza 

2000 Sierra Point Parkway, Brisbane, CA 94005-1819 
4-445-589-8300 












40M 


Printed in U.S.A. 








